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PREFACE TO THE FIFTEENTH 
EDITION 

In preparing the new Edition the principal function of this book, as 
stated bj' the original authors, has been kept prominently in mind. How- 
ever, although this function was essentially that of an intermediate text- 
book, paying special regard to the requirements of senior students, the 
writer could not ignore Ins own experience of it as a \-aluable stand-by 
when he has been called upon to carrj’ out analyses outside his current 
everyday experience. Since, to his knowledge, the S’aluc in this respect of 
past editions lias, been fully recognised hy analysts in general, it has been 
allowed to innuence to some extent the nature of the present revisions and 
additions. 

Apart from some rearrangements, such as tlfe transfer of the section on 
Soap from Foodstuffs to Oils, Fats and Waxes, the general sequence and 
chameter of the work remains «nclmngc<!. The whole of the detail of the 
text has, however, been completely checked, revised, and brought up to 
date vhcre nccessarj’, and certain additions have been made. Thus it is 
felt that the time has come when the student should be introduced to 
simple microchcmlcal methods, since opart from their convenience, and 
the economy of materials they involve, they provide valuable exercise 
in manipulation which no student can afford to ignore. The principal 
applications dealt with are simple volumetric and gravimetric methods, 
the micro-Kjcldahl method, mlcro-cWlrodcposiilon and micro-gas 
analysis ; many of the methods do not involve the use of a micro-balance, 
and It has been thought best to deal with them after their “ macro "• 
cmmteqiarts, rather than in a separate microchemicnl section. 

It was felt too that the useful nephelometric and conductometric methods 
arc so closely allied to colorimetric and pot<mtiometric methods, respec- 
tively, that they too should now receive some attention. Some simple 
examples of established \-nluc liave therefore been glTOn ; they require 
no imrticularly elaborate apparatus, and arc well within tlic resources of 
the onllnnr}’ laboratory* and the capacity of the student. In this con- 
nection reference may also be made to the extension of the section on the 
colorimetric determination of Ph •s'oIucs to samples other than water j 
and to the inclusion under tlic same heading of the drop-mtio method, 
which avoids the necessity for the haborious, preparation of ranges of 
standard buffer solutions. Another major inno\*ntion is o short note on 
errors and their statistical csmluation, n subject which is, rightly, ntlmcting 
much attention in nnalydicnl circles ; it is important that the student too 
should 1)0 in a jwsltjon to assess to some degree the accuracy of the pro- 
cedure he is using. 

So far ns individual determinations arc conccriic<l, the following arc 
some of the more iin|x)rtant of the additions. The gmvimctrle determina- 
tion of rinc with j)yridinc and thiocyanate, of nitrates with nitron, and of 
so<niim with rinc umnyl acetate; the iodidc-io<lnte method for the 
volumetric 8 tan<lanlisatlon of acids and its use for the correlation of 
slandanl solutions, fonnol titration, and sulphates hy the volumetric 
in 
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benzidine method. Additionnl colorimetric methods include the ditliizonc 
metliod for Jend, nnd methods for phosphates nnd fluorides ; it wis felt 
too that the practical importance of the standard Gutzeit arsenic test fully 
warrants its Inclusion. Additions falling under the headings of general 
nnd wmmcrcial analyses include determinations of free lime, the cupron 
method for molybdenum now increasingly in use for steel analysis, the 
palmitatc method for tlic hartlness of ivater, nnd determinations of bio- 
logical oxygen demand and of oxygen saturation. 

Improved modifications of many of the existing methods arc also given, 
but in all cases only methods wJiich are both well-tried nnd suitable for 
the student have been clioscn. A break with tradition is the use, where 
appropriate, of the description “ determination ” in place of “ estimation," 
ns it is felt that this is fully justified by modem custom. 

A great effort has been made to keep the size of the book within reason* 
able, limits, despite the natural tendency for It to grow as the result of the 
inclusion of more new matter in each ctlltion. Slight alterations have 
enabled this tendency to he more than offset in the present Edition without 
impairing cither the textual clarity or the scope of the hook, or interfering 
with its traditional lay-out. There have been certain deletions, but only 
of redundant nnd doubtful material, nnd the “classical ” methods have 
all been retained. 

It is hoped that as n result of the modifications nnd additions outlined 
nbovej the student will continue to turn to this book for n reliable cross* 
section not only of the standard methods of analytical chcmistr>’, but also 
of the modern trends of tlie subject ; nnd that he will still find many uses 
for It after his analytical career has started. 

J. G. 
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PART I 

GENERAL PROCESSES 


SECTION 1 

THE CHEMICAL BALANCE. WEIGHTS AND WEIGHING 

In quantitative analysis, accurate ami spcotly weiglunfr must constantly 
iKi carried <mt. lienee it is essential that the student should become 



familiar nilb the clirinic:U balnnrc. llie commoner forms of balance and 
the metiii-His «>f using them arc dc^crilKtl below. 

The Balance 

The Chemical Balance tfi»rcscnt«l in I'ig. 1 consists essentially of n 
rigid iK-am uliicb is siipporlcd near to and slightly nlK)\e its centre of 
gravity, rrtim each end of the l>c:uii, ami equidistant from its centre, 
snde-pans an* stisiK-ncU*jl. In onlor to diminish the friction of the uorking 
parts at the points of mpport ami of suspension, three agate knife-tdgrs 





2 CHEMICAL BALANCE WEIGHTS AND WEIGHING 

which work upon agate planes are set in the beam. 'The beam and the 
pans are supported by these edges ujmn planes set in them. 'When the 
balance is not in use, the beam is lifted from the knife*edges and is 
supported by a T-slxaped rest ; the pans are also supported from beneath. 
Both the beam and the pans are released either by means of a disc with 
milled edge in the front of the balance case (as in Fig. 1), or by a handle 
at the side. 

Attached to the bottom of the balancc'casc are three or more set-screws 
for adjusting the balance to a horizontal position. A spirit-level on the 
floor of the case, or a small plumb-line near the pillar, indicates when this 
adjustment has been correctly made. 



Flo. 2. CHAINOMATIO IiAI.ANCi:. 


The beam of the balance is commonly graduated in ten equal divisions, 
and a lO-milligmm rider is used for weighing fractions of miii/grams. 
The beam is, however, sometimes divided differently and riders of different 
weights may be used. Tlie shorter the beam, the more rapidly will it 
saving. 

The centre of the beam of the balance carries a long pointer wjiich 
moves over a scale on the balance floor, and at the ends of the beam are 
brass nuts mounted on fine horizontal screws. The unloaded balance 
can be so adjusted by rotating these nuts that when the beam is still, the 
pointer is at the centre, or zero, of the scale. 

The Balance is enclosed in a Glass Case provided -with balanced sliding 
glass sashes at the front and the back, and with hinged side doors. This 
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case shields the balance from dust, ncid fumes and moisture. It also 
prevents air«currcnts from disturbing the scalc*pans during weighing. 
The balance .should be kept in a room which is as free as possible from acid 
fumes and from damp, and which Is not subject to great changes of 
temperature. As a further precaution, a jar partly fillc<l with small 
pieces of calcium chloride, coloured silica gel, or sodadime, but not with 
strong sulphufic ncid, should stand inside the case. These absorbents 
must be renewed from time to time. 

The Support on which the Balance Rests must be free from \’ibration. It 
may be a slate or stone slab, resting on pillars which are let into the 
foundation of the building and which are out of contact with the floor. 
Alternatively the slab may be isolated from the vibrations of the floor 
by supporting it on brackets firmly nttacbed to the wall. 

It is important that the two arms of the balance-beam are the same in 
length and, therefore, they must remain at the same temperature. It 
follows that the position of the instrument should be so chosen that it 
is not heated unsj*mmctrically either by a radiator or by sunlight ; any 
artificial light should be so placed tluit it affects both arms equally. 

The Chainomatic Balance. The general design of a balance of this tj-pe 
is tlic same as that of an ordinary chemical balance. Near to and parallel 
to the vertical column which supports the beam Is a graduated pillar 
cnrrj’ing a jockey and vernier scale (Fig. 2). Tlic jockey can be made to 
travel up or do^m this pillar by turning a handle outside the ba1ancc*casc. 
One end of a light chain is hung from the jockey and the other end is 
suspended from the right-hand side of the beam of the balance. The 
weight of the chain is therefore carried l>oth by the beam and by the jockey. 
Tlic higher the latter, the smaller the proportion of the weight carried 
hy the beam. The left-hand side of the Iwam is adjusted so tliat when 
the vernier is rending zero and the bsilancc is unloaded, the pointer swings 
cqijally about the mid-point of the Iwlance scale. '\Micn the vernier is 
reading 100, with the jockey at the bottom of its run, the additional 
weight of the chain carried by the l»cam is cqui\'alcnt to the weight of one 
decigram on the right-hand p.an. TIic scale is so open that wth the help 
of the vernier It can be read aminitcly to one part in a thousand ; that 
is, to one-tenth of a milligram. Thus the chninotnallc balance can be ns 
necumte ns one of the ortlinarj' type. Its chief advantages arc that 
weights less than one decigram arc unnecessary, that the continual opening 
and shutting of the halanec-cnsc towanls the end of a acighing are avoidc<l, 
and that weighings can be carricti out relatively rapidly. 

The Aperiodic Balance. At the ends of the beam of this balance (Fig. 3) 
arc tao aluminium discs which move in two covered brass cups, the 
clcamnce betrveen the discs and the cups being verj* fimnll. This is In 
effccl an air brake or damping device which causes tlio l)eam to come 
to rest in a short time. The pcriotl of swing can be allcrctl within certain 
limits by closing or ojHming adjustable npertures In the discs. In another 
fonn of this lialancc a magnetic damping device is employed. 

I urthor, instead of moving over n scale, the pointer itself carries a 
gmtunile wldeh can W Illumlnatcsl by an electric lamp placed at the 

' 1— a 
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rear of the balance. By means of a prismatic reflecting optical system, 
a magnified image of this graticule is projected on to a screen of ground 
glass placed at the top of the balance. The graticule is ordinarilj' divided 
into 500 divisions, and with the balance in exact adjustment the image 
of the zero mark will coincide witli a vertical line engraved on the ground* 
glass screen. With a load of 50 milligrams on the left-hand pan, the image 
of the other end of the graticule will coincide with this line. Thus one 
division of the scale represents onc*tenth of 1 milligram. 

With this balance the object is placed on the left-hand pan and the 
counterpoising weights on the right until the weight of the counterpoise 
is less than but within 0 05 grm. of that of the object. The case is then 
closed, the balance set swinging, and the reading of the scale taken after 



some thirty seconds. No weight smaller than 0-05 grm. is required, ond 
no rider is necessary. The spce<l and accuracy of the balance, as the 
author can testify from pcr>.onal experience, are remarkable. Even 
faster, though necessarily less sensitive, balances of this type arc also 
obtainable. 

^Vith the aperiodic balance the metlKWl of iveighing by swings (j). 9) 
is impossible, but the method of weighing by substitution (p. 9) is still 
available for verj* accurate work. 

The prismatic-reflecting device is in itself a great convenience and 
can be fitted to the ordinary balance. 

The Mlcrocbemical Balance. The model Bho\m in Fig. 4 can c-any up to 10 
grm. on each pan, and it weighs to 0 01 milligram, or by estimation to OWl 
milligram. The beam is divided into 100 parts and carries n 5-milligram rider, 
and it is read by means- of a magnifying glass. ^ Another such glass^ enables the 
swing of the pointer t ' ' ' • r. ' ' ‘ ^'•Ven to 

eliminate tlie effects of ■■ ■ ' ’ . ' /*” i 

it should lie rememhem ' • ' ' 

cspwially of the hands) may Introduce errors. 


THE WEIGHTS 


Weights 

The Metric System ofvkeights is in almost vvnisersil nsc. The con- 
venience of this decimal system is obvious. 



I''ia. 4. Mtcnocnr.MiCAi. nAUvvci:. 



I'jo. 5. Ili»\ OK iVi loiriN. 


Tlic neifiht«, from 1 grin. U{mnrds, ore usually made of brass (Fig. 5 ), 
ond arc often nickel-pUtcd to present «»m)s5«m. They arc cyhndTicnl in 
shape, and are prusid«i svith n iinmnv Bitm, by means of sihich they 
may Iw liftetl. Tlie weights frtan o 5 pnn. downwanls, arc mode either «)f 
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gold, platinum, or aluminium foil. Tlie low specific gravity of aluminium 
renders possible the use of a greater volume of the metal, and as these 
weights are comparativdy large and thick, they are consequently more 
easily handled, and are less liable to be bent or folded than those of gold 
or platinum. Contrary, perhaps, to expectation, aluminium weights 
neither gain nor lose weight over long periods, provided they are carefully 
handled. These smaller weights are square in shape, and .usually have 
one comer turned up to be grasped by the forceps. It is advisable always 
to use forceps tipped with ivory, celluloid, or other similar material. No 
weight, whether large or small, must ever be touched with the fingers. 

An ordinary set of weights, together with a forceps for lifting them, 
is shown in Fig. 5. They are contained in the usual velvet-lined box. 
The separate weights in sets made by different makers may differ in values. 


The Rider is a piece of wire bent as is shown in Fig. 6. It is made either 
of gilded brass or of aluminium, and its form enables it to bestride the 
graduated beam of the balance and to remain on 
whatever part of the beam it is placed. The rider 
is moved from one position to another by an arm 
which passes through the balance-case and is 
operated from the outside. Milligrams and 
fractions of milligrams are usually registered by 
means of this rider. 

Centigram riders ore in common use, and riders 
of other weights are also employed. 

"When the centigram rider is used, the beam of the balance is divided 
into ten main equidistant graduations, each of these .spaces being further 
subdivided into ten. Each main division therefore corresponds with 
a milligram, and each minor dhision with one-tenth of a milligram. 
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Adjustment and Testing of the Balance 

The balance should be adjusted and its accuracy ascertained before 
commencing analytical work. 

The Balance is Adjusted as follows : 

The balance and its case are first levelled by means of the levelling-, 
-screws. This adjustment is satisfactory when the bubble of air in the 
circular spirit-level occupies the central position. 

The scale-pans and the beam are then set free from their supports in 
such a way that a gentle oscillatory movement is imparted to the beam 
of the balance. The lower end of the pointer or index attached to the 
beam will now swing to and fro over several divisions of the scale. If 
the pointer oscillates through an equal number of diWsions on each side 
of the centre of the scale, the balance is in adjustment. 

If the arcs described by the pointer on each side of the centre of the 
scale are of substantially different size, a further adjustment must be 
made by turning cither of the small nuts at the end of the beam or the 
vane in the centre. 

Tlie obse^^■ations described below are then made. 



ADJVSTim Am TESTING TEE BALANCE 7 

Delicacy or Sensitiveness ol the Balance. The speed of oscillation of the 
pointer is noted. The slower the oscillations the greater is the sensitiveness 
of the balance to small differences of wciglit, and I'icc versd. If the sensi- 
tiveness of the balance is high, the period of oscillation will be unduly slow, 
and the operation of weighing will be lengthy. 

The oscillations of the pointer become slower as the centre of gravity 
of the beam approaches more closely the axis of its suspension. Most 
balances therefore have a vertical screw, with n nut, attached to the 
central portion of the beam. By adjusting this nut, the distance between 
the centre of gravity and the suspension-axis of the beam con be varied at 
will. In this way the sensitiveness or delicacy of the balance can be changed. 

When a milligram weight is placed on one of the pans of an adjusted 
balance and tlie beam is liberated, the pans should be shown to be out 
of equilibrium by the swings of the pointer. A delicate balance will be 
affected in this way by 0-1 milligrom, but for many purposes it is sufficient 
if the balance is sensitive to 0-2 mtlUgram. 

The sensitiveness of the balance should be measured in the following 
way. Tile beam is released and allowed to oscillate, the position of the 
pointer on the scale at the end of each ssring being noted. The scale is 
usually divided into 20 divisions, and it is convenient to number them 
from 0 to 20, beginning at the left side. The centre point, or nominal 
“ zero,” is then number 10. The mean of six swings, three to the left 
and three to the right, Is found. TIjc result is the true “ zero ” of the 
balance. If the difference between two successive readings to the left 
or right Is large, it is more accurate to take the mean of seven swings, 
four to the left and three to tlic right. A milligram weight is now placed 
on one side of the beam and tlic mean of six, or seven, swings is found as 
before. The difference between the two means measures the sensitiveness 
of the baUnce in divisions per milligram. 

The effect of increasing the load on the pans of a balance is to reduce 
its sensitiveness slightly. The sensitiveness for no load, 20 grm. and 
.'50 grm. should be found, and the results entered on a slip of paper gummed 
to the balance-case. 

Accuracy o! ConstmeUon ol the Balance. M1icn n body is balanced 
against weights and the beam of the Mhance is set swinging and arrested 
several times in succession, the pointer should oscillate about the same 
mean position cverj’ time. Faulty construction of tlic knife-edges will 
cause differences to appear in the successive weighings. 

Mlicn the p.ans of the balance arc loaded with equal weights — say, with 
50 grm. — and equilibrium is attained (if neccssarj', by the addition of 
small pieces of tinfoil to one pan), the equilibrium should be maintained 
when the loads are interchnnge<l from one pan to the other. If equilibrium 
is not niaintninc<l when the loads arc cxclmngctl, the arms of the balance 
arc of unequal length. 

Testing the Weights 

The object of most anal\-scs Is to determine the i>erecntagc of an element 
In a substance. This jwrecntngc is a ratio : 

Weight of clement found X 100 
Weight of mbstnnrc taken 
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For this reason it is frequently a matter of indifference whetlier or not 
a “ one gramme ” weight weiglis exactly one gramme, but it is important 
that the ratios between the \’arious wejgljts are correct. If the true, 
absolute weights must be knowm it is best to calibrate against a box of 
weights wliich have been standardised In some recognised laboratorj'. 

Testing Weights. Weights of the same denomination must first be 
marked in some way to distinguish them from each other. For example, 
there may be three weights of one gramme in the box. Mark them with ink 
1*, 1**, 1***. Find thezeroof thebalanocbytliemetJiodofswings. Note 
that the zero lias probably altered slightly since you determined the 
sensitiveness of the balance. For the most accurate work the zero must 
be found daily, almost hourly, because it is always moving ver>’ slightly, 
through the unequal licating and cooling of the beam. ‘Accept 1* as 
standard and refer all the weights to it. Fjacc it on the left-hand pan and 
weigh 1** against it by the method of swings, using your sensitivity 
factor to calculate the apparent weight. For example, suppose the zero 
to be 10-2 j, the sensitivity factor to bo 2-2 scale divisions per milligram, 
and 1** to balance 1*, f.c., 1 nominal grm., at 10 70, The apparent weight 
of 1** -will then be [1 - 0 00l(10-70 - lO-25)/2-2] grm., or 0-9908 grm. 
Exchange the weights and weigh again with 1* in the right pan. The 
second result will probably be different because of slight Imperfections 
in the balance. It is suiTicient to take the mean of the two results as the 
nominal weight of 1**. *1110 tliird “one gramme” weight is then 
standardised in exactly the same way. Next the 2-grm. weight Is weighed 
against 1* •}• 1** and so on. 

Then the fractional weights arc standardised by weighing 0-5 + 0-2 -f 
0 2 4- O'l against I*, and 0-5 against 0 2 4- 0-2 -f 01, thus finding the 
nominal weight of 0-5, and .so on. As the weights smaller than 0-01 ore 
frequently inaccurate, it is always advisable to use the rider in their stead. 
A permanent record of these results should be made. 

Any weight of one gramme to 50 grammes should be correct to at 
least one part in 2,000 in terms of tlic 1* weight originally accepted ns 
standard ; any weight smaller than one gramme, to one-fifth of a milli- 
gram. If the errors are outside these limits, the weights should be adjusted 
by the makers. 

The Process of Weighing 

There are three methods in common use for determining the weight of 
a substance in air — the Direct Method, the Method of Substitution, and the 
Method of Weighing by Swings. The result thus obtained must be cor- 
rected if the Abwhde Weif^hi is required. 

Direct Weighing. In tlds process the sxibstance is placed upon the left- 
and the counterpoising weights upon the right-hand scale-pan. Tlie 
%veiglit of the substance is assumed to be equal to the wcif’hts ivhich 
counterpoise it. 

The method Is rapid and is in common use. Its indications are approxi- 
mately correct if the balance answers satisfacforily to the tests described 
on p. 7, hut if the arms of the beam are of unequal length, or if the 
balance is not in iicrfect adjustment, the true weight of the substance 



WEIGHING METHODS 


{) 

Ciumot be found by this method. Tliis is usually of no conscqiiencc in 
any one scries of weighings, since the differctias in weight of the substances 
and not their true wciglits are required. These differences in weight will 
be correctly given, provided tlic substances arc always placed upon the 
same scale-pan, and provided that the condition of the balance remains 
unaltered between successive wighings. 

Weishing by Snbstitution on any haLance jn\e> the eirrert weight of a body 
in air. In this method the liody is counterpoised as before. It is then removed 
from the scale-pan, and sscights are substituted for it which b.aUncc exactly 
those previously placed upon the other pan. The wciglits thus substitutctl for 
the substance uill represent the true weight of the substance in air, even when 
ti\c balance has not previously been adjusted to equiUbriiim, and when llie arms 
are not of equal length, provjdetl the weights themselves are correct. 

Weighing by Swings has already been described. It is the most aecunitc, but 
the most tedious, of the three mcthoils. The zero is first determined by swings. 
Tiie substance is tlicn weighed to t!ie nearest millignim as in the direct metliod. 
Tlic mean position of tlic pointer on tlic scale is then found and tlie weight 
caleulatcd using tlic sensitivity f.actor. Alternatively it can be calcul.ited by 
'• * * *•' •* ' htly too lieavy 

• . ‘ isable to place 

• t ; to neglect tiny 

• the substance 

, * ound, and the 

menu of the two results taken. 

AbsoliUe Weight. Since the volume of the liody weighed ustwlly differs from 
that of the weights winch counterpoise it, different volumes of nir arc displaccrl 
by the siibsUincc and by the weights. Hence a body which has been counter- 
jioiscd by weights in air will not ustuilly remain in equilibrium with tlic same 


to the weight of the scalc-pan. 

Directions for Weighing 

The Follotring Rules should be obscrvcil during weighing ; 

1. Make sure tbut the scale-pans and the floor of the case lire perfectly 
clean. If necessary, carefully cleanse the Mirfaccs with a large cami-rs- 
bair brush, which should be kept in the balancc-casc for the imrposc. 
Then level the balance. 

•J. (Iciitly release the p.ins and tlic licnin In such u way that the beam 
Oscillates gently. The ixiiiitcr must hw ing tlmuigb equal arcs on e.ich side 
of the Zero of the scale. 

This prebminnrj- luljustincnt Is iinncccNwrv- if the weight of the siil)->t.mcc 
i\ to f>c ohtninetl by difTcrenee or by xubstitutioii. Thus, if it is required to 
weigh out uminilcly uIkmiI 1 grin, of o |»owdcre<l solid, the solid Is put into a 
wrighing-lKiltle, or into somr other nmvcnieiit container, and the liottic ai»l the 
Mil>stnnec arc aminitcly wiiglictj togrtlicr. Atmut 1 grin, of tlie isiwdcr b then 
shaken out, and the ismtaliirt is iigam weighed. The differenec lictm-en the 
tlivt iu«l sceoiul vrciglutigs will give tlw e\«et wrigbl of the l>owdcr sb.ikcn out, 
1‘ccnu'e Ixith wcigliiugs wifi have Iwen siibjert tn the vitne ermrs. 
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3. Examine the box of weights to make sure that all are present and 
in their correct places. Time can be saved by placing the box at an angle 
so that the tumed«up comers of the smaller weights lie ready to the 
forceps ; always lift from these comers. 

4. If the operator is right-handed the substance should invariably 
be placed on the left-hand pan, and the weights are afterwards placed 
by the forceps on the right-hand pan. The weights are moved by the 
right hand ; the beam is set free by the left. 

6. The weights should be placed on the pan in systematic order. It 
is best to commence with a weight which is judged to be somewhat too 
heavy. Ifthisisfound tobcthecasejowerweightsofthesamedenomina- 
tion are tried in succession, until equilibrium results or the weight is 
somewhat too small. If the weight is too small the weights of the next 
lower denomination should be added to it in the same systematic order. 
This method will be found much speedier than that of selecting weights at 
random. The milligrams are usually determined by the use of the rider, 
and the fractions of a milligram by the method of swings. 

6. The weights should be arranged on the balance-pan in an orderly 
way. If a comparatively heavy body is being weighed, the heaviest 
weight should be placed exactly on the centre of the pan and the other 
brass weights should be aligned with it. The decigrams and the centigrams 
should each be put in separate rows. 

7. The case should be closed while the rider is being used, and the final 
observation must always be made with the case closed. 

8. The weights must never be handled ■with the fingers, but should 
always be lifted with the forceps. 

0. During the transfer of the weights, or the addition or removal of the 
body weighed, the motion of the beam and the pans should invariably 
be arrested. This prevents unnecessary wear on the knife-edges by violent 
oscillation. 

Some further special precautions, wln'ch must be obsen'ed when a body 
is to be weighed, will be found on p. 67. 

Entry of Weight. As soon as a weighing is completed, a careful entry 
of the weight of the substance should be made in the note-book. To secure 
accuracy write down the total value of the weights upon the pan, by 
noting the empty places in the box. This entry is then checked by noting 
the, value of each weight as it is returned to its proper position in the box. 

Containers for Weighing. Unless it is a piece of clean metal, the sub- 
stance should not be placed directly on the scale-pan, but should be weighed 
in a suitable container. Some types of container are shown in Fig. 7. 
For many purposes a small test-tube stoppered with a cork will serve. 
Hygroscopic, ciTIorescent or volatile substances, and all substances which 
would othenrise gain or lose in weightif exposed to the air, must be weighed 
in closed vessels. A convenient ijiie of stoppered weighing-bottle is 
shown in Fig. 7, together with a pair of thin, closely fitting glass tubes 
and a pair of watch-glasses, ground flat at their edges and held together 
hy a brass spring. The tubes may be used for weighing dried filter-papers 
and theircontents,nndthc watch-glasses for the determination of moisture ; 
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for example, in coal. A pair of watch-glasses which exactly balance one 
another is often very useful. Not only docs this avoid the trouble of 
counterbalancing a container when weighing out a solid ; but also, 
where a determination has to be made in duplicate, the amount of sample 
weighed out on to one side can serve ns the weight against which to balance 
the second sample when it is weighed out on the other watch-glass. 

Clean pieces of metal may he weighed directly on the pan, but it must 
not be forgotten that this is no longer weighing by dUTerence, and therefore 
that the zero of the balance must be accurately ascertamed. 



Fio. 7. Vessels Fon Wajonixo. 


If a substance is weighed while it is much warmer or colder than the 
air in the balance-case, It will appear to be lighter or hcasicr, respectively, 
than it really is, because the air around the hot body rises, and the current 
of air which flows in to take the place of that which has risen lifts the 
scalc-pan *, a body which iscoldcrthan tlicair, on the other hand, produces 
a downward alr-currcnt which depresses the pan. 

Every substance tends to condense moisture from the air upon its 
surface ; but the amount of moisture thus condensed diminishes as the 
temperature of the substance is raised, and increases os Its temperature 
is reduced. A body should therefore not only be at the temperature of the 
air, but should have been allowed to cool in a desiccator (p. SO) if the 
balance is to show its trtic weight. For verj’ nccumtc work it is ncccssar>' 
to standardise the time of cooling In a dcsiccotot, e.g,, to 20 minutes. A 
tared vessel will thus cool under the came conditions when it is empty 
as when containing the substance whose weight is to be found by difTcrcncc. 
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DETERMINATION OF RELATIVE DENSITY (OR SPECIFIC 
GRAVITY), MELTING-POINT, AND BOILING-POINT 

In connection with the chemical examination of substances it is fre- 
quently necessary to determine certain of their physical properties with 
precision. Processes for the determination of Relative Density (or Specific 
Gravity), Melting-point, and Boiling-point are described in this Section ; 
the determination of Vapour Density will be found on pp, 45-1—459. The 
primary units of weight and volume are defined on p. IOC. 

Relative Density, or Specific Gravity 

Relative Density may be defined as tlie ratio between the weights of 
equal volumes of two substances, one of which is taken as the standard or 
unit. The accepted standard for solid and liquid substances is distilled 
water at 4® C, 

Accordingly, the relative density of a solid or liquid is obtained by 
dividing the weight of the substance by the weight of an equal volume of 
distilled water at 4® C. 

Sometimes the reference weight is that of an eqhal volume of water at 

15*5® C. 

It is usually most convenient to determlno the relative density at the 
temperature of the room, and to correct thci result by the use of physical 
tables (p. 400). 

Specific Gravity, or Density, is the weight of unit volume of n substance. 
There is no difference between the specific gravity and the relative density 
(referred to water at 4® C.) of a substance, because 1 ml. of pure water at 
4® C. weighs I grm. , 

Determination^J*^ of the Density of a Solid 

Solid Substances Heavier than, and Insoluble in, Water. The substance 
is first weighed in air in the ^^rdinaiy manner. It is then suspended from 
the bcani of the balance by a fine fibre or by a ver>' fine wire, preferably of 
platinum, and the substance is again weighed while it is immersed in cold 
distilled w’ater which has previously been boilctl, core being taken that its 
surface is free from ndliere’At air bubbles. The temperature of the water 
should be near that of the room and should be carefully measured. 

Air bubbles may generally be removed by bnisliing the surface of the solid, 
after it has been immersed; in scoter, svith a camel’s-bair brush. In order to 
remove the interna! air from a porous substance, however, it is iicc^sary to 
immerse the substance in boiling water for some time, or to place the v^scl 
containing the immersed s ubstance under the receiver of an air-pump and to 
exliaiLst the air from it. ^ 

A convenient armngeme*nt for weighing the substance in water is shown 
In Fig. 8. A small woodt^n bridge placed over the left-hand pan of the 
balance supports a beaker tif distilled water. The suspending wire is hung 
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by ii loop fn)ni n second liook beneath tlie one whicli supports tlic pan. 
The Tcmoviil of the .scJiJc-p;in, which would destroy t})e ceju/Jibrium of the 
balance, is thus unncccs^-arj'. . — 


The density of the solid is obtained by 
dividing the weight of the body in lur l»y 
the loss of weight which it sustains In 
water. Thus : 

If W = Weight of solid in nir, 
and Wj — Weight of solid in water, 

W 

then its specific gnwity = — 


Example. In nn aclu.d esperiment, a piece 
of br.iss ill air i\eiglietl 10 705 grm., anti iit 
natcr 1 1 C0‘i grm. ; 

Hence its rcl.-vlivc dciisily = 


10,705 10 705 

10 705 ipoog ~ yo7:i 


80S8. 


M.\pi Kiui VT 1. Defermine the Apetilic 
gra\ ity of a crystal of Iceland spar or cale-sp.ar 
in the manner described above. 



If llic tlcnsUyis to be measured exactly, the apparent weights of the suspension 
Mire in nir nnn in water must be found. The latter is FomeUmrs the greater 
heenuse of Mirfncc tension cfTccts. Corrections must also be made for the volumes 
of nir displaced hy the specimen and l>y the weights. It is verj’ imjwrlant that 
the result lie stated in ilelail, r.g., density »= 8 0.'12 grm. j>cr ml., the specimen 
being nt 17® C.; 9r relative density = 8 002 referred to water at 1*C., the 
sutjstaiiee being nt 17® 0. • 


Solid Substances Lighter than, and Insoluble in. Water. The solid 
suhstnnee Is weighed in nir. It Is then attached by means of n line silk 
thread tn n solid which Is sufficiently liciivy to sink it in the water. The 
weight of this “ sinker,” while it is imincrsctl in water, is dctcrmlnerl ; 
and tlie ctimhiued weight of the soH<| nnd tlic sinker, while they arc 
nttneherl to mieiinotlier nml iwmersrri in wntcr, is njso found, 'i’liedcns-ity 
of the subsJaiier may Jk* I'aleuJatrtJ from these data, thus ; 

If W ^ Weight of the siihstaiu'c in air, 

1, Its loss of weight in water, 

S -= Weight of sinker in water, 

C Combined weights <»f substance and sinker in water. 


then the itensitv ’ 




W 


W-(C-S) W-C+S 


Example. A pica* of puiit1in-w.i\ was round to weigh 18*15 grm. la eir : the 
wclgM of the sinker In water was 40 30gnn.; Ihe«)mhined weigJits of the sinker 
nn<i v*av In vMiier vs ns 17*45 gnn. ; 


llena*, trl.itive ileti'.ily 


18-t5 

IH 45 — t7*l5 -1- tU*'IU 


lH-t.5 
gtl ao 


0 


l.vMrfOfisr 2. D* fi ritiia.* (he nt.Uivr sfensjty of n of p.imllin.wav, 

U'liig ns n fcliikrr the plrss* of lalmd spir. the relUlvt* densilv of wtiieli w.is 
(h t« rtiihianii llxis rniirot 1 . 
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acetone, alcohol and ether ijJ ^ucccbsion may be u^cd. This is slightly 
quicker, hut many samples of ether lea\-e a thin film of prease on the glass. 

The bottle must now be filled to the mark with distilled water at the 
standard temperature. This is done conveniently by filling the bottle 
with distilled wter, the temperature of which has not been first adjusted, 
and then placing it in a bath of water at the required temperature. If the 
temperature of the water in the bath is above the standard temperature, 
it may be reduced by means of iee, or by dissolving some solid ammonium 
chloride in it. 

As soon as the distilled water in the bottle has assumed the standard 
temperaure, which may take from twenty to thirty miniitss, the excess of 
liquid is removed by a pipette, until the meniscus just touches the mark. 
The dry stopper is then inserted and tiie bottle is quickly but carefully 
dried with a clean dr^’ cloth. Tlie bottle and its contents are weighed. 
The difference between the weights of tlie bottle, when filled and when 
empty, gives the weight of the water w'hich it contains when it is exactly 
filled np to the mark. This weight must be carefully entered in the note- 
book. 

'’le mark must be 
• in weight with 
enient to adjust 
idmg lead shot, 

A precisely similar series of operations is now carried out with the 
liquid whose specific gravity Is to be found. The weight of tlie liquid 
which fills the bottle to the mark Is thus determined. By dividing this 
weight by the weight of the equal volume of water, already obtained, the' 
relative density of tlie liquid can be foimd and the specific gravity can be 
calculated as shosvn below. 


until it exactly counterpoises the drj’, empty bottle. 


Example. In the determination of the density of a sample of methj’lated spirit, 
a 50-grm. specific-gravity bottle weighed, when empty, \\’hen 

filled with distilled water at 15-5* C. it weighed 74-5443 grm. ; and when filled 
with methylated spirit at 15'5" C. it weighed C5-t)2C0 grm. : 


Ilcnce the relative density = 


6o-92C0 — 24-5035 
74*54^15 — 24-5Co5 


But from the table on p. 400, the density of ivater at 15 5® C. is 0 9990 grm. 
per ml. 

Hence the density of the spirit is 

^ 0 8275 X 0-9990 = 0*8207 grm. per ml. 


Another Form of Specific Giayity Bottle which is suitable for non- 
volatile liquids is shown in Fig. 10. The neck of this bottle is fitted with a 
perforated stopper.. The perforation enables the bottle to be filled com- 
pletely with the liquid, to the entire exclusion of air bubbles. 

After the bottle has been filled and the liquid lias been brought to the 
requisite temperature, the stopi>cr is dropped into the neck ; the liquid 
will then entirely fill the bottle and the perforation in the stopper, and a 
small quantity will overflow’ from the perforation. The bottle is then 
wiped <lr>' and w'cighed. 
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A cloth iiiiiy he usc<I f»>r ntpinj; tlie surface of the bottle, hut the top of 
the stopper sliould he uiped by tlic luiml, '•ince the porotts 
ch)th wouhl nhsorh some of the liquid in tlie capiUarj* hore 
nnd lower tlie level of the liquid. 

Tins font) of bottle iss\idely \iscd,l>ut ilpecs accumte rc'.ults onij’ 
if the insertion of the stopper is aht»\s curried out witli the s.une i j 

degree of pressure. y gO’F 

The Pyknometer or Sprengel Tube is more convenient than 
the ordinarj* specific-gravity bottle for the determination of Fio. 10. 
the specific gravity of a liquid at a tcmpeniturc differing 
from that of the atruosjdiere. 

The pyknometer is a wide glass ttdie into which two thick -walle<l 
capill.try tubes are fusc<l (Fig. 11). The two capillary tiil>cs are drawn 
out to slightly tapering ctuN, and arc bent at 
right angles, as is shown at a, b, nnd a mark is- 
lightly scnileheil on the tube at h. 

The ends of the capillary tubes arc ground to 
fit small round glass caps; these are used for 
cwerlng the ends, ns is shown in the figure, to 
prevent the es-ni)orntion of a volatile liquid after 
it lias l»een introduced into the tube. With the 
jnfMlified form of pyknoinrfer (p. 38) these rnps 
Fin. 11. PvKSOMinrit. »re often uimccessar>*. Tlie weight of the empty 
tulie after thorough cleaning nnd drs'ing is found. 
The caps arc then renuned, and the lube Is filled witli ilistilled water by 
immersing the umnarkcct end (a) in water, nnd applying suction at tlie 
other end (h). The w^»tcr should reach licyond tlie mark on the tube (&)• 




The tulK* anil Its esmtents are then brought to the required IcmiKT.iturc 
by haiJL’ing the broad part of the lube in u licakcr of water which is at 
that temjHTature (Figs. Ig. la). 

The distllhil wafer sliotthl s|/(| rmeh the mark on the narniw tul»e (h). 
If It evtinds iK-yond this murk, some water is sucked out by pressing a 
piece of tiUer-p.ijHT gently nrainst the jKiinted eNtremity (if^ : ns soon 
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as the liquid exactly reaches the mark, the filter-paper is withdrawn. 
Tlie tube, which is now filled exactly to the mark, is removed from the 



water, the caps are replaced, and the whole is carefully dried 
and weighed. The tube is then emptied and dried, and is 
filled to the mark in the way already described, with the 
liquid whose density is required. It is a^in weighed. 

The calculation of the density is made as indicated in 
the preceding example. 

Expebjuent 5. Determioe the density ofa sampleof petroleum 
by the specific-gravity bottle, and check the determination by 
means of the pyknometer. 

A Useful Modification of the Sprengel Tube is shown in Figs. 
12 and 33. It is especially convenient for dealing mth volatile 
liquids and for determining the specific gravity of a liquid at 
temperatures much lower or higher than tlwt of the room. 

The narrow tubes in wMch the U-tube terminates arc bent 
into directions nearly at right angles to one another; but each of 
them forms an obtuse angle with the limb of the U-tube. The 
tube (a), on ivhich the mark is made for registering the constant 
volume, is expanded into a bulb just beyond this mark : tliis bulb 
allows expansion of the liquid to take place when the temperature 
rises, without loss of the liquid occurring by overflow from the end 
of the tube. The tube (b) must be drawn out to a tapering point 
to prevent the liquid from receding from this end. 

In using the apparatus, the liquid is sucked in until it fills the 
tube and part of the bulb, and it is then brought to the desired 
temperature in the usual way by immersion in water. The volume 
of the liquid is finally adjusted to the mark by holding tlie 
apparatus with the capillary (&} horizontal (Fig. 12), and sucking 
out the liquid by applying filter-paper to (6) unfit the liquid 
descends to the » ’ ' * . . ‘ •-.»->-»«- 

an erect position * . . ■ . 

(6), and ascends * . . . 

^nthdrawn from the ends of the capillary tubes, and is theiefore 
protected against loss by evaporation during weighing. 

The Hydrometer is used for the rapid determination of the 
density of a liquid. It is a glass or metal float (Fig. 14), 
which is BO weighted below that it assumes a vertical 
positionwhen it is placed in the liquid whose specific gravity 
is to be determined. The stem is So graduated that the 
number which is level with the surface of the liquid, when 
tlie hydrometer is floating freely, shows the specific gravity 
of the liquid. The temperature of the liquid must be 
adjusted to the temperature at which the hydrometer has 
been graduated, which is usually 15'5® C. 

The accuracy of the graduation may be ascertained 
by floating tlie hydrometer in liquids, whose densities have 
been determined by accurate •weighing. The hydrometer 
may be graduated in degrees Twaddell (p. 518), orin grammes 
per cubic centimetre. 


Determination of Melting-points 

T>vo methods for the determination of melting-points are described 
in the succeeding paragraphs. The second method is useful in special 
cases only. 
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First Method. Tlie substance is placed in a tIiin-s\'aUed glass tube, 
which is about 1 mm. in diameter, and is sealed at one end (Fig. 15), 
Such tubes arc easily made by softening n thin-walled narrow test-tube 
In the Bunsen flame, and dmwing it out until it is reduced to the required 
diameter. The long tube thus produced is cut into tubes 5 cm. in length, 
each of which is then closed at one end by fusion in the flame. 

The open end of one of these tulics is dipped into the finely-powdered 
substance in a watch-glass, so ns to take up some of the powder. The 
tube is then held mouth upwanls and stroked gently with o file or with 
the milled edge of n coin until the powder is shaken doum to the bottom. 
A common mistake is to take too much of the substance ; a column 2 mm. 
high is sufficient. • 

The tube is then nllachcd to the stem of a delicate thermometer. It is 
generally held by surface tension alone to the wet bulb of the thermometer, 
but if necessarj' its upper end may be bound to the thermometer stem by 



n turn or two of fine copper wire. It is essential that the part of tube 
containing the substance .should lie in actual contoct srith the glass of tlic 
thermometer bulb. 

The thcnnoiiirtcr oml tulw arc now pkaced in the Kjcldahl flask shosm 
In Fig. 15. This flask should t)cnl>out 15 cm. long with n diameter of 3 cm. 
The Imlh should be 5 cm. in diameter. Tiic stem of the thermometer is 
held In position by a cork In tJic mouth of tlic flask, the cork having a 
groosc cut into it to permit the escape of hot air. Alternatively, a small 
beaker may Ire used, and this gives rcU.abIc results if n small circular glass 
stirrer surrounds tlic thermometer bulb. 

If the melting-point of the sulMnnce under examination is less than 
about 220® C., tlie most suitable liquid to put in the hulb-tubc is onllnarj’ 
medicinal pamflln. This liquid is difficult to Ignite nnd, ns it has n low 
specific heat. It sill! not cau«ic n sen.’ severe burn If spilt on the hands 
when hot. For melting-points up to nl>out 300® C. concentraled sulphuric 
acid may l>e useil. A era-stnl of potassium nitrate added to this will prevent 
darkening by charring, hut when working nt the highest tempemtures It is 
important that tlie sulphuric acid l>c pure nnd fresh. 
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The naked bulb is heated by a small, movingr, cool flame, and the 
melting-point is observed. It is often best to carrj’ out the first experiment 
rapidly, and to check the result by repeating the fusion, using a nete lube 
containing a fresh sample of the substance, since re-fusion often takes place 
at a lower temperature. It is quicker to carry out a first experiment with 
a fast rate of heating and a second at a slow rate through the range near 
the melting-point than to carry out one only, slowly through the whole 
range. 

I! the Mercury Thread ol the Thermometer extends above the surface of the 
liquid when the melting-point is read, a correction must be applied for the 
contraction due to the cooling of the mercury. 

The following formula gives the corrccUon to be a<Idcd ! 

N(T — I) X 0 00014:1. 

Here N stands for the number of degrees on the tiiermometcr stem which arc 
not heated by the liquid ; T (in “ C.) is the temperature indicated by the thermo- 
meter ; t is the temperature read on a second similar thermometer tlic bulb of 
which is placed midway between the surface of the liquid and the top of the 
mercury column at a point 10 cm. on one side of the bitter, and shielded from the 
source of heat ; and 0 000143 is the apparent coefficient of expansion of mercury 
in gloss. 

ExpuniMLNT G, Determine the meltlng-iraint of sulphur or of benzoic acid 
in the appaniUis shown in Pig. 15, using medicinal paralfin in Die bath. 

Second Method. The substance, in the form of powder, of minute crj'stals, 
or of thin slices, is held between tw*o microscopc-sIidc covcr-gbisscs. This makes 
the exact moment of fusion very evident, because the film of substance, w’hich is 
more or less opaque before it is mclte<l, becomes suddenly transparent because 
of the large heating surface exposed, relative to the amount of substance used. 

* * ■ “ ‘ nail quantity 

• ’ • • . 3 a very thin 



I'ic. IG. 
Multing-point 
Appaiiatus. 


• . ape shown in 

’ then cutting 

■ . . lecessary, the 

holder and tile glasses may be more firmly bound together by 
means of thin platinum wire. 

The whole is now suspended in a wide test-tube in contact 
with the bulb of a Ihcrniometcr. The test-tube serves ns an 
air-bath, and is Immersed nearly up to its mouth in a bath 


In* order to prevent undue convection of air, it is ns well to 


Determination of Boiling-points 


The Boiline-Point oi a Pure Liquid is the temperature at which the vapour 
pressure of the liquid is equal to that of the atmosphere ; it is always 
the same if the liquid is boiling under the same pressure. The boiling- 
point is therefore frequently used to test the purity of a liquid, as well 
as to identify it. Two methods are dcscrilxMl, The first is most commonly 
employed ; the other Is a inicro-incthod. 


First Method, Tlie liquid is pbiccd in n flask (Fig. 17), tlie neck of which 
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lias a dclivcrj* tubi* in the side, and is closed by a stopper, tliroufih ahich 
a thennotneter passes. 

Tile li(|iii(! is gradually heatiHl until it Iwils, the side-tube serving to carrj' 
away the vapour svhieh is pro<!uce<l. The thermometer should be so placed 
that the top of the bulb is just level with the centre of the side-arm of the 
distillation-flask. The bulb and part of the stem of the thermometer ore 
thus constantly surrounded by the ^-apour of the boiling liquid. If the 
liquid beeomes superheated it ^^ill bump; this may be prevented by 
adding two or three small pieces of clean porous plate. If the boiling-point 
of the liquid is abo\e 120® C., an air condenser, consisting of a long glass 
tube slipped over the si«lc-tubc of the flask, will sufllce for condensing 
the vapour. If the boiling-point is liclow 120°, a Liebig or other form of 
cold-water condenser should be used. As soon ns the reading of the 
thermometer remains constant, the temperature registered is the boiling- 



[loint of the liquid. This reading will, howcs'cr, require correction by the 
formula given on p. 20, if the upper part of the thread of mereurj’ extends 
alKuc the cork. 

It should Ik: rcmendxTcd that any considerable change in the atmo- 
spheric pressure »i!l nuw- an appreciable \nriatinn in the l>oi!ing-point. 
It is therefore ncecsssir}- to sj)relfy the Uiromctric ])resstjre at the time of 
the experiment. Tims, if the Imilingqioint obscrvetl is fig® C. and the 
hammetric i>ressure is 700 mm., it may l>c entered : 02® C./70n nun. An 
approximate correetimi may lx- applied, if ncccssarj', on the assumption 
that an Increase or diinimition of 20 mm. in the ntmosjthcric pressure 
fnnn 700 mm. causes mi increase or diminution in the lH)iHng-ix)int of 
appn)ximatcly 1® C., rcsiK-ctiveJy. 

Kxrcntui.vr 7. Dotenaine thclniling-polnt of nnllinr, using nn nlr condenser; 
and of chlotofomi, using a I.icWg condenser. 

Micro-JIcthod. TIiN method may be employed when only n small 
quantity of liquid is axnul.ihle ; its ernir is usually 1® C, 
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Pjo. 18. 
Bqilino-point 
Apparatus. 


About 1 ml. of the liquid is placed in a thin-walled 
,test-tubc, about 8 cm. long and 1 cm. in diameter. The 
test-tube is fastened to the thermometer by means of 
fine wire, as is shown in Fjg. 18. A fine open capillarj’ 
tube of thin glass, a little more than 8 cm. in length, 
is then prepared by heating the walls about 1 cm. from 
one end in the tip of the flame for a second, so as 
just to fuse them together; the tube is placed in the 
test-tube as is shown in the figure. 

The apparatus is now dipped into a vessel contain- 
ing some suitable liquid, %rith the mouth of the test-tube 
projecting above its surface. IVTien the vessel is heated, 
small bubbles of air will slowly escape from the lower 
end of the capillary tube. As the temperature gradually 
rises, the e^'olution of bubbles of vapour will e^’cntualIy 
become rapid and continuous, indicating that the liquid 
has reached its boiling-point. The temperature is then 
read. The determination should be confirmed by 
repeating the process with a new capillary tube, and 
fresh liquid. 

Expcat jrBNT 8. Determine the boiling-point of o sample 
of benzene by tbe above method. 
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MECHANICAL PREPARATION OF SOLIDS. DRYING OR DESIC- 
CATION. SOLUTION, EVAPORATION. PRECIPITATION, 
FILTRATION, TREATMENT OF PRECIPITATES. PREPARA- 
TION OF PURE SUBSTANCES AND OF DOUBLE SALTS. 
GENERAL RULES FOR WORKING. 


Mechanical Prq>aration of Solids 

Before commencmg the Analysis of a Substance, attention must be paid 
to the following points : 

1. The specimen chosen for analysis must be a fair and average sample 
of the material under exatnination. 

2. The substance, if a solid, must almost in\’ariably be in n flnely- 
divided state. 

Sampling. As sampling is by no means easy and as it can be most 
suitably discussed in connection with the analysis of ores and minerals, 
it is described later (p. 254). The analyses described In Parts II. and III. 
of this book deal mostly with materials which arc homogeneous and which 
need not therefore be sampled specially. 


Powdering. The second condition, Ih.at the solid substance to be 
analysed must be in a very fine state of division, Is also usually essential, 
because -a substance is then most readily dissolved by solvents or by fiuxcs. 
The substance Is usually powdcrc<l in a mortar. It is essential that the 
material and surface of the mortar arc such that the powder will l>c 
contaminated neither by abrasion of the mortar nor by brittle fragments 
which have chipped off. For sails and other comparatively soft sub- 
stances, a porcelain or a Wcilg'vooil mortar may be used ; but for many 
minerals and hani materials generally, a 
mortar of steel or of agate is ueccssaty. 

In reducing a mineral to powder, the laigc 
pieces may first be broken by placing them 
on a square steel anvil, surrmiiided by a 
shield of tin-plate and by striking them with 
a hammer. The pmallcr pieces thus pro- 
ducctl are then reduced to coarse powder, 
either in a steel morlnr of the usiin] slinpc, or 
in a steel percussion mortar {Fig. 10), which 
consists of a hollow cylhulcr fitting into a 
depression in the base. The substance 
pl.ice<l In the cavity thus fomieil. Tlie solid cylindrical pestle is then 
ptishctl ilown ti|H)n the Mibstiuicc, and Is stnjck rcpcatetlly with a hammer 

until the substance is |x)wdeml. 

The eoarsely-i>owderetl suhstnnee Is next intnHlucc<l, in small portions 
at a time, into an ngtlo mortar, and the substance is further powdered bv 
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Iritunitlon, not by bloxcs, until it fonns an jnipali)ablc powder. 'Wlien the 
powder is sufliciently fine, it will feel smooth when it is worked with the 
pestle. Hand-mills suitable for redticing hard materials to coarse powder 
can be obtained. 

Sieving. To make certain that the substance is sufilciently finely 
powdered, it is advisable to sift it. If a sieve is used it is important to pass 
all the substance through it, because those harder parts of the material 
which are the more difTicult to powder wHI probably differ from the rest 
in composition. The type of sieve recommended for tliis purpose has 
been specified by the British Standards Institution, and is known as the 
British Standard sieve. These sieves can be obtained in a large ^number 
of different sizes, the sieve number being the number of meshes to the 
linear inch. Thus sieve No, lOO is woven from phosphor-bronze wire of 
diameter 0 004 inch (0*J02 mm.) in such a way that there are 100 strands 
to the linear inch. Tllie apertures ate square and the length of the side of 
each hole will therefore be 0 OOG inch (OdSS mm.). The screening areas of 
most of these sieves arc about 36 per cent. The finest sieve in this set is 
No. 800, with square holes of side length 0 0021 inch (0-033 mm.), and the 
coarsest is No. S, with holes of side length 0-102 inch (3-35 mm.). Tlic 
sizes of the s{e%-es are based on a ratio of approximately C/5 between linear 
aperture measurements of consecutive sieves. Tims the next finest to 

No, 100 should have apertures of side length « 0-005 inch. 

As this would entail drawing the wire to n special size, rv side length of 
0 00 to inch is adopted. This involves the use of a wire of diameter 0*003 1 
inch, giving 120 strands to the llncnr inch. Tl»c sieve is therefore knosm 
ns No. 120. 

The screens should be niountcd in frames of circular cross-section and 
diameter 8 inches, in such a way that for sizes finer than 120 the screen 
should be 2 inches below the top of the frame, and for sizes coarser than 
120 the depth should be 1-5 inch. All the joints in the frames should be 
soldered, and the frames themselves should not be japanned. For sizes 
finer than No. 40, the wire of the screen should be of phosphor-bronze ; 
for coarser sizes, of steel. 

There are also two other sets of British Standard sieves. TJie inter- 
mediate sieves are made of steel wire and are known by the size of their 
apertures, which increase by increments which are simple fractions of 
inches. The screens of the coarsest set are perforated metal plates. The 
plates are 0 003 inch (1-0 mm.) in thickness and are mounted in frames 
18 inches in diameter. The lioles are square and of square pitch. These 
screens have a comparatively large screening area. Thus the |-lnch 
plate has a screening area of 52 percent. 

There is, unfortunately, a second set of sieves which is much used, as it 
has been standardised by the Institution of Mining and Metallurgy' (I,M.M. 
sieves). These closely resemble the British Standard series, except that 
their sizes are slightly different, tlie gcncra’l principle being that the side 
length of the aperture should be the same ns the diameter of the nirc. 
The size number is again tiie number of strands to the linear incli. Tims 
I.M.M. No. 100 will have 300 siramis of diameter 0 005 inch to the linear 
inch and the side length of the aperture will also be 0 005 inch, giving a 
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srrccnin" urea of 2.'» per cent. It will be seen that the holes in 1.M.M.N 
No. 100 and B.S. No. 120 arc of approximately tlic same size, but that the 
screening area of the latter is considerably larger than that of the former. 
Similar relationships between the sieve numbers hold good throughout the 
tuo sets. 


Drying, or Desiccation 

Many Substances contain Water of combination, as, for example, water 
of ciystullisatioii. They may also l>e damp. Sometimes it is diiTicult to 
draw a har<l-and-fa».t line between combination, adsorption of voter and 
mere wetness. In some technical analyses the stibstance must he analysed 
“os reccised” an<l without preliminary treatment; in others it must 
undergo an agreed drj’ing process. A compound used as a standard in 
analysis must he of definite cumiwsitiun. ' Mnpy such compounds are 
hydmtes. Tlicy must contain neilher loo much water nor too little, and 
must therefore he dried under carefully-controlled conditions. Different 
methods of drjdng must he adopted to suit each individual case. Some 
of these methods and the appanrlus uso<l are described in the following 
punigraphs. 

Drying at Ordinary Temperature and in Vacuo. If a solid is to be dried 
at room temperature, as, for example, in removing the adherent mother- 
li(pior from crystals, a convenient method Is ns follows ; 

The moist solid, after <lmlning In u Ibtchner funnel (p. ^1), is placed in 
u thin layer on a porous tile or plate to dmin further. After several hours, 
vhen most of the moisture vlll have disappeared, thin layers of the 
substance are pressed Iwtwccn fohled sheets of niter-paper. The pnjKT is 
reneved until the sheets no longer become moist. Most of the adherent 
moisture will then liave been rcmove<l. The use of filter-paper in certain 
eases may unneccssarj', as drj'ing may be completed in a desiccator ns 
drscrihecl l>clow. 

If the substance Is a liquid, or if it decomposes when heated, It may he 
ilricd by placing it in a desiccator, preferably of the ^^lcuum t\'pe, and 
exposing it to the drj'ing action ofMiIphuricncid or of some other absorbent 
of moisture. 

Drying at Steam-heat. The substance is more rapidly dried by beating 
a thin laj'cr on a vnteh-glass or in a shallow nnt-boltomcd dish (Fig. 7, 
p. 11), in a gentle current of air inn stetinwiven (Fig. 20), or in thes})cejnl 
iijipamtus <lescril)etl on |». 20. 

The strnm-o\en is usually itindr of Clipper, and 1ms double vails ; the 
door may be glazed to gisc a view of the interior. The casing of the 
oven is nUoil to almiit onc-thini of Us height vith water. Heat Is then 
npplicil bj* means of u lhin«ou or other burner. When the water boils, 
the up|H'r p.jrt of (he hollow c.asing lieromes fillet! with Ktenm, and the 
tcm|>eniturr of the interior tif the o\cn nppmaehes 100® C.; the ^tcam 
is cither allowetl to hhiw off into the nir, or is rondensed by a long tul)c or 
rtuidenser anil reliiriusl as vnter to the own. 

A gentle current of air ]mss(s through tlie<nen v hen it Is healeti, t ntering 
through an Inlet near the iNittom of the do<»r and escaping from an outlet 
in the top by eoiuectinn. 
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It has been found possible to attain a higher temperature than that 
gsually recorded in a steam*oven substituting a narrow copper tube 
for the usual inlet for air through the door. In Fig. 20 one end of the tube 
is seen immediately beneath the door, and the other end opens into the 
oven flush with its bottom. The pipe itself is thus constantly surrounded 
with boiling water, and the air passing through it into the oven enters at 
a temperature of nearly 100® C. There is a small air outlet provided at the 
upper part of the back of the oven. 

arrangement for ensuring a uniform level of u-ater in the steam- 
oven will be understood from the sectional drawing (Fig. 21). A constant 
supply of cold water flows into the vessel which is attached to the side of 



Fio. 20. Water-oven. Fjo. 21. WATER-supPi-y 

(Secttion). 

the steam-oven, and the excess flows away by the central tube to a sink. 
The water in the bath is maintained level with the top of this overflow 
tube through a small connecting tube below. 

The heating of steam-ovens may be advantageously combined with the 
distillation of water. An apparatus suitable for this purpose is represented 
in Fig. 22 : it may stand conveniently in a recess in the laboratory wall 
and under a glazed projecting hood, to obtain a good up^vard draught. 

The boiler forms the bottom of the steam-oven casing, and is heated 
by a powerful longitudinal burner. Tlie steam issuing from this boiler, 
passes between and round the \'arious ovens, and is condensed in a special 
condenser w’hich is seen above the steam-oven and is described belo^r. 
The condensed water flows into a storc-jar down the pipe shown to the left 
of tlic figure. The overflow condensing water is taken away by the tube 
shown on the right. 

The condenser is made of copper, thickly tinned inside. It is very 
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efTtcieiit and is readily cleaned. Its general construction is seen in the 
sectional drawing (Fig. 2a). The steam enters through a wide bottom 
opening and impinges upon the lower surface of the dome, which is kept 
cool by contact with the constantly-renesved cold prater on its upper 
surface. The distilled water formed by condensed steam is collected in 
an annular internal cliannel, from the bottom of which it flows tijrough a 
tube to the storage-jars. Since all the connections arc made by screw- 
union joints, the parts of the apparatus can easily be disconnected for 
cleaning and repair. 

The apparatus will run uninterruptedly, without attention, after Suitable 
regulation of tlic supply of gas and condenser water. 



Drying at above 100“ C. An air-oven (Fig. 24) is usually employed, the 
construotion of which is almost identical with that of the water-oven, 
except that tlie external walls are frequently made of Uralite instead of 
copper. Air, heated to the necessary temperature, takes the place of 
hoiJing water and steam in the jacket. 

Since the walls of the oven are usually much hotter than the inside 
air, the substance to be dried must not be in contact with the oven. A 
pipe-clay or silica triangle with the >rire ends turned do-wm at right angles 
to the plane of the triangle, or the support for an inverted gas mantle, 
makes a convenient stand for the substance and keeps it from touching 
the oven { or a square plate of porcelain or of Vitreosil, slightly less in size 
than the bottom of the oven, may be supported about i inch above the 
floor. 
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A thermometer pa^ves tlirou^Ii a bun" in the top of tlic o\en, nnd 
registers the temperature of t!»e interior. Any temperature required can 
be obtained by suitably regulating the gas supply. In many ovens the 
temperature throughout is not uniform. It is therefore neccssaiy when 
it is inadvisable to heat a substance otlier than at the exact temperature 
s|4ccificd, to see that the bulb of the thermometer is close to the dish con- 
taining the Mibstancc. It will be found that, when once the llame has 
been ])roperly regulated, the temj>en»ture will remain fairh' constant for 
several hours if a gas-governor has Wen introdiicei! into tlie gas service- 
pipe. Gas-regulators are nbo sold by instrument makers for insertion into 
the oven, nnd these uill maintain a constant tcmpenitnrc. 

Klcctrically-heatcrl ovens, with w'Ide ranges of tc/npcnilurc, arc now 
available. They may he connected up with the onliniirj' electric lighting 
supply, ami can be closely controlled by a rlicoslat. 
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Oven for Drying at o Constant Temperature. In this oven the substance 
t(» be drieil is i\inisf«l with certainty to tl«c ilesirctl tcmi>enit\Jrc while a 
etirreiit of air nr other gas. either in the onlinarj’ or ilrieil condition and 
m:iiiifnine«lnt the «lesire<l tem|KTature, is passing itver it. This temper.Uurc 
is attained lpy comidelely surnninding the ilrying-sessel with the vapour 
of a li(|uid of suitable iMiiling-poinl. and with the litiuid itself. 

A mullU-sbiqKsl isipper ilrying-cbamWT (C, l*ig. g5), for containing 
the substances to W dried, is Mip|Mirtcd horirontnlly in n namd, copjior 
jacket (A), the space Wlwecn tiicciiamtK'rand t lie jacket Wing partly filled 
with the lujuid of the desiretl lH)tting-|>olnt. The licpild is maintained at 
its boiling-point by n scries of gas-jets from n gas burner (.1) beneath 
the jacket. The vapour of the Wuling liquid Is tsinstantly condensed hy 
the arningement shown at (11) and rcturnctl to the jacket. 

The admission of air to the interior of the diying-elmmWr takts place 
at (II) thnmgh a il.it (sipjHT tnW (I)) which jiasses thniugh the lK)iIing 
Iniuld or its saqxmr without toiirhing the jacket, nnd ojK'Us at (G)intotl>e 
further end of the dr> iiig-ch:iiiiWr ; tllce^it of the air is through n copiwr 
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chimney (F) let into the front end of the drying-chamber above the doot 
by which the substances are introduced. If the ordinary air used (H) is 
left open to the atmosphere, but, by making suitable connections to it, 
dried air or other gases can be passed over the substance to be dried. 
If the oven is properly constructed the temperature throughout the 
chamber will be uniform. 

Convenient dimensions for the apparatus are as follows : external 
measuremen^of jacket, 35 cm. long and 11 cm. in diameter ; the drjnng- 
chamber is 6 cm. across at the bottom and 4 cm. high, with greatest 
diameter of 6-3 cm. j the height of the chimney is 27*6 cm. 

The substances to be dried are conveniently ranged along a copper 
tray, which is too short to block the air-inlet, and the tray is then pushed’ 
into the chamber. Six watch-glasses or flat moisture-dishes can be placed 
on such a tray at one time. 


The Desiccator. Substances which are too unstable to be dried by heat 
must be dried more slowly by exposure 
at ordinary . temperature to a dry 
atmosphere, or to drying agents in 
vacuo. For this purpose the desicca- 
tors sho^vn in Figs. 20 and 27 may be 
used.- 

Desiccators must also be used to store 
substances which are hygroscopic and 
absorb moisture from the air after they 
have been dried at higher temperatures. , 
They are thus protected from contact 
with the moist atmosphere while they 
are cooling, before weighing. Apparatus 
which is temporarily out of use, but 
which is soon to be weighed, can also be kept dry in a desiccator. 

The desiccator is an air-tight vessel, the air in which is kept dry by a 
drying agent. Sulphuric acid, fused .or granular calcium chloride and 
phosphorus pentoxide are the drying agents in common use. Of these, 
the pentoxide is the most and the calcium chloride the least efficient. 



Fxo. 20. Dcsiccator. 


Magnesium perchlorate has recently been shown to be almost as efficient a 
desiccating agent as phosphoru'» pentoxide ; its moisture absorption capacity is 
more than 30 per cent, of its own wrelght. It has the additional advantages 
that it remains porous, and, therefore, is particularly useful for gas-drying 
U-tubes (p. 87) ; and that it ts .clean and convenient to handle, and can be 
regenerated by heating at 200° C for 10 hours. 


The usual small, portable desiccator (Fig. 26) consists of a broad glass 
jar which is contracted in the middle. The lower part contains the 
desiccating agent ; the upper, the body to be weighed. A circular piece 
of perforated zinc forms a bottom to the upper chamber, and on this a 
pipe-clay triangle, an inverted gas mantle holder, or other support for the 
vessel is laid. A flat lid is ground to fit accurately on the upper ground 
rim of the desiccator ; and this rim is lightly greased, so that the fit may 
be air-tight. . 


Drsdng in Vacuo. Many substances can be completely dried by exposing 
them in vaetto in the presence of .some agent which absorbs the water 
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Fic. 27. Vacuum 
Desiccator. 


vapour cvolvetl. This inelho<l of drj'iiig i»» rocuo is also suitable for 
substances whicli decompose when they are heated. Substances which 
have been thorougJdy dried rnay be kept for any length of time in a vacuum 
desiccator without undergoing any Increase in 
weight. 

A convenient form of desiccator for drying in 
vacuo is sliown in Fig. 27. The upper portion is 
remos-nblc and fits closely on the lower portion. 

The joint is of ground glass and is rendered air- 
tight by carefully greasing the ground surfaces. 

The drj'ing agent is contained in the lower portion 
of the desiccator. Tliis agent is commonly either 
sulphuric acid or phosphorus pentoxidc. If 
sulphuric acid is used, it is often convenient to 
soak pieces of pumice stone in the liquid ; if 
phospliorus pentoxide, the solid should be 
sprinkled on glass wool to increase the effective 
drying area. 

TIjc cover of the desiccator contains a tubulated stopper, the upper 
portion of which is extended into a tube for connection with n Hj’S'ac 
pump, an cfilcient water-pump, or some other arrangement for obtaining 
a good vacuum. The other end of this stopper is often bent up^^IPds in 
the form of a Ijook, from which apparatus can be hung. Tlic real purpose 
of this bend is to deflect nnd break up the stream of air which enters the 
csTicuatcd chamber when the cock is opened. If this stream is directed 
slmlght downwards it might blow away the dried substance. There ore 
many other designs of ^•ncuum desiccator. 

Dissolution of Solids 
It is always desirable and sometimes 
essential that the solid to be dissolved, 
even though it may be classed os a verj’ 
soluble substance, should be in a fine state 
of division ; then it dissolves more rapidly. 
If the solid, or part of it, is proctically 
insoluble, much time can be saved by 
reducing It first to on impalpable powder. 

A Sa^tance which is Soluble in Water 
is mixed with distillctl water in a beaker, 
which is then placed on wire gnu?Aj o\cr a 
llunscn flame (Fig. 28). The water nnd 
jxiwdcr should be stirred with a glass rod. 

..n, or A >'>“ V^' 

Solid. spirting tluring crrcrvcscencc or boiling, the 

Ix-nkcr should lie covered with a clock-glass, 
which may rest on three little U*ro<ls of glass hanging on the edge of the 
lieaker. 



II the Liquid Is Boiled, or U Efictvcscenco occurs, as is frequently the 
esisc dnring solution in acids, one of the following methods may be ruIh 
fclituted for tlml described nbos'c. 
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(n) The substance is placed in a conical flask. TJie solvent is addccl 
through a small glass funnel (Fig. 2f)), ivhich is left in the mouth of the 
flask and sen-es to close it partially. The loss of the liquid by spirting 
is thus prevented, but the escape of gas Is not hindered. If a conical flask 
is used, the mouth should never be covered with 'a watch-glass. The 
escaping gas causes the glass to rattle up and do^vn and blows any liquid 
which may be condensed on it out of the vessel. 

(b) The substance may be placed in a round flask, which is tilted at an 
angle of about 45® (Fig. 30). In this case the drops, thro^vn up by effer- 



vescence or by ebullition, will be retained by striking tlie inside of the 
flask, ivliilc gas will escape freely. 

Insoluble Substances, A process for the decomposition and dissolution 
of many substances which arc insoluble in water and in acids is described 
on p. 07. 

Material oi Vessels used for Solutions. Care must be exercised in selecting 
vessels which will not be attacked by the solvent during solution and 
evaporation. Glass, silica, porcelain, and in certain cases platinum vessels 
may be Used for acid liquids. Porcelain, silver, and nickel vessels may be 
used for alkaline liquids ; glass vessels are less suitable, since glass is 
attacked appreciably by alkaline liquids, although it should he remem- 
bered that “ resistance glass ” is much less affected by solvents than 
ordinarj' glass, and is usually also better able to stand sudden changes of 
temperature! Neverthtlcss, even the best ^quality chemical glassware 
will dissolve, to the extent of some 10 mgrm, per 100 ml. of solution i)er 
half hoiu-, in a boiling, 0 5 N. solution of sodium hydroxide. 


Solubility of Solids 

The Solubility of a Solid may usually be determined with nccuracj’ by 
means of the following simple apparatus : 



S^OLVBIhlTY OF SOLWS 

The mouth of a tlnn*wall«l, glass benkcr-fiask, about 250 ml. in cajweitj , 
is closed with a nibbcr bung in which two holes have been bored. In one 
of the holes is fitted a short piece of glass tube bent at right angles, the 
tube passing Just through the bung (Pig. 31). Through the other hole 
passes a piece of glass tube, also l>cnt at right angles, and long enough to 
reach nearly to tlic bottom of the vessel. The lower end of this tube is 
slightly contracted and i^ bent obliquely. 

The flask is now about two*thirds filled with distilled water, and it is 
then immersed in a large vessel contolning water. The ^^ater must be 
maintained, by means of a suitable regulator, at the temperature at which 
the solubility of the substance is to be determined. The finely-powdered 
solid is then introduced into the flask in quantity considerably more than 
sufTicienl to form a saturated solution. 

The rubber stopper is now inserted, and the end of the shorter tube 
Is connected by njbbcr tubing svith a water-pump. The stream of air 
btibbles which is drawn by the pump through the liquid causes the solid 
and the water in the flask to circulate, and to produce a saturated solution. 
A plug of cotton wool inserted into the upper end of tlie 
longer lube will serve to filter ott any dust carried In the 
air. The supersaturation of the solution, which may 
arise from the evaporation caused by the passage of the 
air through tlic solution, may be prevented by saturating 
the air with moisture by allowing it to bubble through 
a similar flask containing svatcr and an c-xccss of the 
substance under examination, before allowing it to enter 
the final solution. 

Some of the clear solution may then be weighed in a 
stoppered bottle (Fig< 7, p. II), and the amount of the 
solid dissolved In it may be found cither by cN*aporation 
or, better, by solumctric or gravimetric analysis accord- 
ing to the nature of the substance. \Micn it is probable 
that, owing to a full in temperature, crj-stals will separate 
in the >veighmg-l>oUlc, ibis Inconvcmcncc may be avoided by adding a 
little water to the bottle before It Is first weighed. 

In some eases it may be necessary to filter to obtain a clear solution. 
This is carried out most simply by decanting some of the solution into a 
a test-tube svhlch is already at the chosen tcmjwmturc. A firm plug of 
cotton svool is then steadily pressed through the solution (preheated If 
neccssnr>'). using a thermometer. The plug must not he pressed down so 
far that it will disturb any solid which may be lying at the bottom of tlic 
tiilK;. The tcmi>cmtiirc is then read, and the filtered liquid on top of the 
plug is jK)ure<l into the weighed wclghlng-bottlc. Note that the tempera- 
ture of a liquid in a vessel immersed in a hath will vcr>' frequently not lie 
the Rame ns that of the hath. It should always be checked. 

Sfitubility measurements ncctmitc enough for many purjwses can be 
made by Rimking the fincIy-ixmdcrrtKulritance witlj tlic liquid in a test- 
ttjl>c 5lopi»crrd by a cork or nihlwr bung. The test-tube is placc<l In a 
thermostat, or, if the solubitity is to be determined at room temperature, 
In a p.all of water at that ttmpcraturc. Tlic putyKJsc of tlic pail of water 
is to hoI<l the tcniiKraltirc steady (the tcmi>eraturc of a laboratory' tends 
to rise rapidly after work has commenced). Tlic test-tube and its contents 

SiClS.tllU. ASIU • 



Fio. 81. 
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are‘ili5»kcn from time to time. After an hour or two lIies>toj»]ieris removed 
anrJ the lK|uid Filtered, using a cotton-wool plug^ (sec nlMyve). The themio' 
meter is then read, and a suitable quantity of the liquid transferred to the 
weigliing-bottle. 

Example. The method of calculatiof; the solubHity of a substance from the 
results of an actual eseperiment is given below : 


Weight of solution bottle . 

' Grm. 

. . 31-89 

IVeight of bottle . 

. . 10 2(1 

^Veight of solution . 

. . 15-03 



IVeight of solid -f- dish . 

. . 22-5100 

IVeiglit of evaporating-dish 

. . 21-0110 

IVcight of solid . • - 

0 8990 


Accordingly 0-8900 grm. of the solid has been dissolved by 

1S-C3 — 0-00 = 14-73 grm. of v»ater. ' 

Therefore the weight of the solid which would \ 0 8990 x 100 

be diasolvM by 100 grm. of water J iTtS * 0-103 grm. 

ExPRamcNT 0. ^Vetgh out some 30 grm. of finely-powdered KCIO), and 
pour tills into the apparatus (Fig. 31). Pour in water until the flask is about 
two-tbirds full, and pass the current of air through the liquid for lialf an hour, 
the flask being immersed in a vessel of water kept at the required temperature. 
Transfer some of the liquid to a clean test-tube, which must also be at the required 
temperature. Filter by puslu'ng a pad of cotton wool slowly but firmly down 
the tube with a glass rod. Then collect the clear solution in a weighed bottle, 
insert the stopper, and weigh the bottle and sofutfon. 

Now pour the solution from the bottle into o weighed porcelain dish, and 
rinse the bottle into the dish several times with small quantities of distilled 
water. EvTiporate all this liquid to dryness over o water-bath in a weighed dish. 
Then place the dish in a steam-o\*en for about tvrenty minutes, allow- it to cool in 
a desiccator and weigh it. 

The necessary data for calculating the weight of the solid which lias dissolved 
in 100 grm. of water have now been obtained. The calculation is illustrated 
above. 

Ewenoresr 10. ' A saturated solution of crystallised copper sulphate, 

CuSOijSHjO, is made as directed ■"”* i.v~- ^ 

part of its water of crj-stallisatioi 
the salt^nnot be obtained by 
residutTand weighing it, as In tl 

about 5 ml. of the CuSO* solution, the should therefore be completely 
precipitated and weighe.’ ' ’ -'p ri' 

copper may be found * ' • : I * • ! ■ ; .. ■ » ( , 

obtained, the weight o' < "'N' ’ ' ■ * ' ^ 

this solution can be calculated, and the percentage solubility of the salt can he 
found. 

The accuracj' of the results obtained may be checked by referring to a 
dictionarj' of cnemical solubilities (see p. 520). 

Evaporation 

Evaporation by Steam. Tlie evaporation of a liquid is frequently carried 
out over boiling water on a water-bath, steam being the heating agent. 

A simple form of water-bath is shown in Fig. 32. It consists of a copper 
vessel rather more than half-filled with water, and heated by a Bunsen 
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burner. The upper portion is fitted with flat slieet*coppcr rinps of gradu* 
ally diminishing diameters, and the top of the bath can thus be made to 
support vessels of various fii?cs, 

Esriporation is always much more rapid 
if tlie dish is sunk as deeply ns possible 
into the hath, ns Is shown in Fig. 32, than 
if it is merely perched on the rings, so 
tliat a large area of the dish is expose*! to 
cooling draughts of air. 

A more clabonite watcr*bath is shown 
in Fig. 33, In the upper surface of this 
b.ath there arc holes of \*arious sires, 
designed to At vessels of <fifferent *Iimen* 
slons. These holes, when not in use, nrc 
coscred by lids, as is shown in the 
llgiire. Iloth ft)nns of wnter-lKith inuy 
conveniently be fittccl nilh a constant water supply, such as that 
represented in Fig. 21 (p. 20). % 



FlO. 32. WATT.n-nATII. 


\\licu the vcvcl Is to l*c wcighe<l after cvajwndion on n copper sroter-bath it 
■ * U apt to stain it. 

■e (p. 20). Glass 
part of n broken 

. ,, on Inch below its 

tipjier wlge. 
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Evaporation at Temperatures above Steam-heat. Wlien a temperature 
higher than lOU* C. is re<iuirr<l during the r\-a|>omtion, one of tlie following 
inetluxls may Ik* use<l ; 

(fi) The Sati<!’hatli. The \***.>cl containing the liquid m.'iy l>o pl.ircd 
*m a Kjind-buth which i«. hnitcd by n hiinicr. The san»M):ith*is a sh.nllow 

sIieet-in»ns.nurrrortniy,whichlsr*»verr<lwlthnl.n}erofsnn(l. Aunifonn 

hrnt can Ik- npj.liisl t»» the Uittnin of the sevsel by'pl.acing it on the Kind, 
whirh i^ hentcsl hy a Miitable burner. 

(fj) The Snktit l'lmnr, The \r>sel iiin\ In' tiratiil directly o\er a nakctl 
n.une. whiili nIiouM Ik* sjtreatl by n n»M\ In onler to nv<tid mcrheiitlng 
the K<h s of a di'h aln.sc the Ihiiiid by the lliitnc, the clMi may Ik* nlhmctl 



3(1 EVAPORATION 

to rest in a- circular liole in a metal or asbestos sheet ; the sheet screens 
the upper part of the dish. 

(c) irire Gavzty Asbestos, or Iron Plate as support. The vessel may be 
Bxrpported on wire gauze, on a sheet of asbestos mill-board, or on an iron 
plate. This last support is a convenient source of heat for evaporating 
a liquid in a beaker, since the rate of evaporation can be reduced by 
remowng the beaker to a greater distance from the part of the plate 
wluch is directly over the flame.' The arrangement shown in Fig. 84 can 
be used, or, alternati\’ely, a plate some SO inches long and IS inclna; wide 
fitted with four short legs can be placed over a large ring burner. This 
burner should be kept at one end of the plate, so that a considerable 
temperature gradient can be obtained. In all cases the iron plates should 
be kept thorouglily dean and coated witTi black lead. 

(d) The Air-bath'. Beakers may he conveniently heated in a copper 
air*bath. The bath is similar in shape to the water-bath represented 
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Fio. 84. Evaporation on Hor rx.ATE. 

in Fig. 32 {p. 85), but it is deeper and contains no water. The beakers 
are supported by their curved^over edges in the holes in the top of the 
bath, the holes being reduced. If necessary, by means of fiat copper tings. 
The beakers are thus immcRied in the hot air inside the bath, and are 
exposed to a uniform and easily regulated temperature, which can be 
ascertained by means of a thermometer, the bulb of which is about half- 
way down the inside of the bath. The air-bath may be employed not only 
for evaporating solutions in beakers to dryness, but also for drying at a 
particular temperature the residue left on evaporation. 

The air-bath method is perhaps the safest of the methods of evaporating 
a solution. The temperature of the flame should be adjusted so that the 
liquid just does not boil. Under these conditions the water is removed 
at a fast rate, but the liquid does not bump. If a gentle current of filtered 
air is allowed to play over the surface of the solution, removal of the water 
may become quite rapid. > 

Comparatively high bath-temperatures are required for certain purposes, 
'I'licse can he obtoined by using baths filled with graphite, or, lictter, with 
small rivets of brass, or of aluminium bronze. 
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The Following Precantions should be observed daring Evaporation ; 

(a) If cffcrx-csccncc occurs during cvapomtion, n tilted flask (Fig, 30, 
p. 32) may be used to avoid loss by spirting. Another plan is to use an 
cNTiporating-dish, and to cover it with a large inverted funnel as shown in 
Fig. 35. Vigorous boiling in an open vessel is necessarily accompanied 
by loss of substance. 

(5) If the evaporation of a solution is conducted over a naked flame 
or over a sand-bath, the vessel sliould, if 
possible, be transferred to a water-bath 
towards the end of the process. Tl»is is 
advisable, because whep o liquid has become 
thick and pasty hy the separation of solid 
matter, it is apt to spirt Mnsidcrably, even 
when it is heated comparatively slowly. 

(c) Frequently the liquid creeps up the sides 
of the vessel during ewporation, particularly 
when it contains ammonium s.alts. The 
c\’aporation should then be carefully watched 
and the incrustation which forms near the 
edge of the vessel should be detachoit and 
pushed down by means of a glass rod. If tlic 
inner edge of the vessel is lightly greased, 
the ascent of the liquid will be prevented. If 
the liquid is heated from above (Fig. 52, p. 50), the ascent of tbe solution 
may also be prevented. In this case the vessel must be of metal or of 
some other material wliicli conducts heat freely. 

Filtration and Washing of Precipitates 
It b usual to dclcnnlnc the percentage of an element in n substance by 
dissolving the substance In some suitable solvent and by adding some 
suitable reagent which will combine with the clement alone, to giN-e an 
In-solubJc precipitate. By using a ^c.^gent in the correct quantity and 
by applying it under the correct conditions, it is possible to convert all the 
clement into some insoluble compound. Instructions for the precipitation 
of certain of the elements will be given in Port 21. Wicn a precipitate has 
been obtained, the next step fs to remove the liquid from it by filtration. 
Tills is usually done by passing Che liquid through a suitable filter-paper, 
or porous plate. The papers which arc commonly usctl arc 0 or 11 cm. in 
diameter. 


then Ihnnjughly waslictl, In order to remove mineral matter. An 11-cm. filler 


Clioosc n flUcr-funncl which fa symmetrical and which has a stem some 
8 to 10 cm. In IcnptJi wlili an internal diameter of about 0*5 cm. The 
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cro«:s-sccttf»n of the end of tlie stem .should be ground to angle of 45°. 
Fold the fjJter-jwpcr firmly across tlic centre and then double the paper 
again, but this time making the fold with only a slight jiressure. Open 
the paper at the larger division and fit it to the dry funnel. If the fit 
proves poor, tear up the paper and fold another to a slightly different size. 
It is important to choose a paper rather smaller than the funnel ; a 
centimetre of glass should be exposed around the top edge, as it is then 
easier to wash the precipitate efficientlj*. 

Now fill up the paper with hot> distilled water. Close the end of the 
stem with the finger and raise the paper slightlj'.' Sec that the stem and 
the lower part of the funnel are completely full of water, and fit the paper 
to the glass as tightly as possible. Remove the fifiger from the stem and 
allow the water to flow a^raj’, menmehilc pressing the top of the paper, 
especially near the folds, to the glass. The water should pass rapidly 
through the paper and the flow should stop suddenly, leaving the stem 
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full. No air should le.ak between the paper and the glass to collect in n 
bubble at the top of the stem. If the stem remains full of water, filtration 
is carried out under slightly reduced pressure anti is thereby speeded up. 
Time spent on correctly folding o paper is ne\'er wasted. 

/ A pleated filter-paper should never be used in quantitative work. 
Filtration through such a paper is little, if any, faster than tbrougJ) one 
folded as described above, while it is much more difficult to wash n pre- 
cipitate collected in the pleats. 

Filtration is usually combined with decantation in the following manner : 
The precipitate is allowed to settle; most of the clear fluid is then 
decanted off through tlie filter-paper without disturbing the precipitate 
(Fig. 3G). After the liquid has been decanted through the filter, a fresh 
quantity of distilled water, or other washing liquid, is poured upon the 
precipitate, and the contents of the beaker are stirred or boiled. The 
precipitate is then allowed to subside, and the clear washing liquid is 
decanted off through the same filter. If, when the beaker is standing on 
the bench, it is supported by wooden blocks or other suitable supports 


FILTRATION 


39 


nt 00® from the vertical, the precipitate will collect in the " corner " of 
the Iwakcr. It will then be little disturbed when the beaker is npnin 
liftetl, and therefore most of the liquid can be passed through the paper 
before any precipitate arrives to slow up the speed of filtration. These 
operations are repeated several times with fresh portions of distilled srater. 
Kinally the precipitate is transfcrrcrl to the filtcr*paper by means of a 
line stream of water from the wash-bottle. When handling a gelatinous 
precipitate it is particularly important to prevent the passage of small 
tjuantitics of the precipitate to the paper during the early stages of 
decantation. 

If the precijiitatc is reluctant to leave the beaker, the latter may be 
inclined over the funnel nt an angle of 45®. A glass ro<l should be so 
held over the mouth of the beaker that any liquid runs along it into the 
funnel. A fast jet of water is then directed not at, but above, the pre- 
cipitate. The greater part of even a heasy precipitate can be transferred 
by this mctlioii. 

Sometimes the precipitate sticks to the glass. In this case It is often 
best to redissohe it in the least possible quantity of some suitable solvent 
nn<l to rcprecipitatc it, using only a “eomcr” of the beaker. When 
this plan Is not feasible, a “policeman” can be used. A “policeman” 
is a glass rod tipped with about an inch of smooth rubber tubing. Tlic 
end of the rubber should he closed by a cap to prevent the solid svorktng 
up between the tube and the ro<l. 

The iirccipitatc must then be washed. When possible use hot water 
and use only small quantities at a lime, allowing the liquid to drain nwny 
completely after each addition. The jet of water should be directed nt 
the top of tlic paper and the funnel should be rotated by hand when the 
Jet Is playing. “ If you wash the top of the paper, the precipitate will 
look after itself.” A simple calculation will show that it is much more 
cITicient to wash ftjur times, quartcr-dlling the funnel each time, than to 
wash once by coniplctcly fining the funnel. 



A Convenient Wuh-botUe H sliown in I ijr. ar. It of n oOO-ml. txinical 

tluV littpil wiib n rsiljJs-r luing nml gl8i<.s tutu's. The jet (t) is iiio%-nhlr. ulnee 
it ntlm-iietl li\ nil)l>rr tutting to the ttilir (n). 'Ilijx ruahles tliestre.iin ofliouitj 
to It |imjrrlrtl In nii\ ilirrctiun. 

When Boiling Water, or a Liquid which gives oil Vapour or Gas, is in ilie wnsli- 
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■ "“s ’ ; ’ ’ used to prevent the gas or 

I ■ ■ . \ ■''■‘(c) which terminates just 

above and just ' * •’ • ’ ’ ■ -ough the centre hole. The other 

lioles carry the . the ordinary bottle. The lower 

end of the blow valve by slipping over it a piece 

of rubber tube which has a slit cut in it ns is shown at (e). The end of the rubber 
tube is closed by a piece of glass rod. 

_ \TOIe the wash-bottle is being used the tube (a) is closed by the fihger, and 
air is blown in through the valve (c). The valve (c) prevents the- air from 
returning through the olow-tube, and no vapour or gas can therefore reach the 
mouth. As soon as the washing is finished, the finger is removed from (a) and 
the stream of liquid is thus stopped at once. 

Accelerated Filtration 

Acceleration by Lengthened Funnel. One of the simplest means of 
increasing the rate of filtration is to attach to the funnel an ordinaiy 
glass tube, bent as is shown in Fig. 89. As 
soon as the filtrate has filled the tube, the 
weight of the column of liquid tends to 
draw the solution through the filter, and the 
rale of filtration is accordingly increased. In 
order to make the best use of this device it 
is essential to fit the paper so tightly to the 
funnel thot there is do air leak. The point 
of the end of the funnel stem should be in 
contact with the side of the. beaker; this 
avoids splashing by drops, and assists 
filtration by capillary action. 

Another simple method is to attach to 
the funnel a straight piece of thick glass 
tube about 2 feet in Icngfh and only 1 mm. 
in bore. The liquid passes down the tube 
in a nearly unbroken column, the weight of 
which tends to draw the liquid through the 
paper. 

Acceleration by Filter Pump. The most 
rapid filtration, however, is secured by reducing the pressure beneath 
the funnel by means of a pump. The fuU atmospheric pressure, which 
is still exerted on the surface of the liquid in the filter, forces the liquid 
through the' filter. 

The pressure thus brought to bear on the filter may be greater than 
ordinarj' paper in the wet condition can support. It becomes necessary, 
therefore, either to use specially prepared, toughened filter-paper, or to 
support the ordinary paper in a suitable ^vay. Another means of obtaining 
a sufiiciently resistant medium is to produce a filter from fine asbestos 
fibre in the manner described on p. 43 ; or the liquid may be filtered 
through a porous crucible or porous glass plate. 

If filter-paper is used, it is fitted as follows : A funnel is selected, the 
sides of which form an angle of 60*. A muslin, platinum or porcelain 
cone (p. 42) is plac^ in the funnel ; and then a dry filter-paper, folded 
in the ordinary mamier, is inserted. The paper is pressed with the finger 
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until the supporting muslin or platinum and the paper fit the sides of the 
funnel closely. Then, being still held in position, the filter is svetted by 
pouring in a little distilled water. Tlie overlapping edges of the filter- 
paper are next pressed down by the finger, and any air bubbles between 
the funnel and the paper arc carefully removed. The funnel is then fitted 
by means of a perforated rubber stopper into the neck of a clean, strong, 
conical filtering-flask, of about 750 ml. capacity. The flask is connected 
up through a safety Iwttlc with a suitable water-pump by means of the 
side-tube in its neck (Fig. 40). 

Before filtration proper is started, it is well to fill the filter with distilled 
water and to start the pump. If any air Is seen to be sucked dorni between 
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the filter and the funnel, this may Ik* stopped by gently pressing the 
moislcnctl edges of the paper against tlic glass. 

The pressure should be rc<lucc<l gradually, because the particles of 
certain precipitates are apt at first to pass through lltc pores of the paper. 
If the difference in pressure between the two sides of the paper is allowed 
to iK'Come high, the |>ores may Ik; cloggwl by the precipitate l)cing drawn 
into them. In cotisequcnec the role of flow of the liquid decrcabcs and the 
nUer-piimp may Ik* a hindrance instead of a help. Tlie optimum difference 
in pressure rarely exceeds onc-tenth of an atmosphere. 

During flUratlon and washing, liquid fliould Ik: constantly pourc<l into 
Ihc fiUcT so that it Is ncx cr quite empty, othcrsxlsc fissures nrc apt to form 
in the mass of the preclpilalc. If lids should occur, cITlclent svashhtg 
l»ccomcs imjHissihle, iKmtise the srotcr p-xs-cs through the fissures instead 
of through the srholc of the precipitate. 

The washing of gehtln»>us preripltatrs is \cty much Khorlcnc<l by the 
alfoxe pnKXthirf ; moreoscr, if idr is drawn through the precipitate for a 
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few minutes after the washing water has run through, the time required 
for drj'ing the precipitate in the steam>ovcn is considerably reduced. 


The Water-Aspirator. A con\enicnt form of water-aspirator or filter-piimp is 
that invented by Geissler (Fig. 41). Another form is shossn in Fig. 40. Tlie 
pump may be att ' ’ ' ’ ' ' • ' ' ■ by means of rubber tubing 

• • d up to tJie pressure of tlie 

■ • be firmly and substantially 

• • * * , ■ to the aspirator svith tliicic 

copper ssire. 

Tills aspirator has three tubes fused into the chamber in tlie 
upper part. Tlie upper vertical tube convej’s the water, which 
passes through the contracted end of this tube into tlie opening 
immediately below it. During its free passage, after leaWng 
the jet, the \vatcr dra%\’s air from the chamber and carries it 



of its air. 

The side-tube of the filter-pump is connected with a tube 
wlilch passes to the bottom of a small two»nccJced bottle 
(Fig. 40). The other tube of this bottle passes just through 
the bung in tlie second neck, and is connected by rubber 
tubing with the side-tube of the filtcring-fiask. Tills two-ncckcd 
bottle serves to lessen the chance that tap irstcr may find its 
Avay back into the filter-bottle and mix ^vith the filtrate. If, 
through some error, the water is turned off before the bottle Is 
^YATt^-i'uup. disconnected, the small volume of water in the pump ^dll be 
sucked back and retained by tlie safety bottle, Needless to 
say, the water supply should never be turned off without first diseonnecting the 
filter-flask. 


Fig. 41. 


Instead of by water. 


Special Filter-Paper, and Supports for the Filter, uhen the filter-pump is 
cmploj'cd, are described below. 

(a) Thin Toughened Filter-Papers whicli will satisfactorily withstand a pressure 
of one ntmosplicre can now be obtained, 

(b) Toughened Paper, or Muslin Support. If ordinary untougliened filter- 


; position over this support. 

. • ! apex of the untoughenecl filter may also 

*. To prepare this, a 
: • ' by 3 cm. broad, is 

pierced a little below its middle point by a pin (Fig. 42). 

A cut is made from the middle of the longer edge to this 
hole. Tile comers are then removed by cutting mth 
scissors round the segment of an inscribe circle, whose 

, I.- - ... T.,. , 
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to fit the funnel. 

(d) A Perforated Porcelain Cone support may be used uith either a paper filter 
or with an asbestos filter prepared by the Gooch method explained below. 


The Gooch Method of Filtration tlirough an asbestos filter is convenient 
and fast. The filter is made either in n crucible or in a porcelain cone. If n 
suitable crucible is used, the precipitate can be filtered, washed, dried, and 
ignited in the crucible Itself. 
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Choose Ji crucible, some t cm. in "itli a capacity of 25 ml. 

and perfomtions 0-8 mm. in diameter. Tbc general tendency is to use too 
small a cnicible with holes which are tniieh too small. Take n piece of 
rubber tubing about 1 inch in length, and of such a diameter that the 
bottom of the crucible, but not the top, can slide into it fairly easily. 
Select a funnel, preferably of the thistle tv^e, of rather greater diameter 
at the top than the diameter of the bottom of the crucible. Fit up the 
appamlus ns shown in Fig. 43. 

Alternatively a slightly wider nibber tube can be usetl. The crucible 
is then pushed into the rubber until the bottom is well tlirough. The 
crucible with its outer coating of ni!»l)cr is now pushe<l into the thistle 
funnel. The fit should Ixi quite tight- Finally, that part of the rubber 
tube which projects may be l>cni ouUvnrds over the outer wall of the 
funnel. The apparatus is then fittc<1 to an onlinar>' fiUcr*bottle or filter- 
flask. 'When the filtered liquid is to l»c examined, it is important that the 
stem of the funnel is long enough to reach l>clow the side-tube of the filtcr- 
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bottle so that any risk of the liquid liclng sucked out of the bottle Is 
avoided. The cnicihle, especially if the liqual has oxidising properties, 
must be so arrangc<l that tlic flltralc docs not come into contact ^^ith the 
nililicr during its passage to the 

Asbestos for use in the enicibic must l>c selcctetl and prepared with 
care if the Gooch is to work rapidly and cITlcicntly. Amphibole asbestos 
gi\es tlic best results, provided it is long-fibretl. The iliy aslicslos is finely 
shrctlded by hand, the fllircs arc cut to lengths of alKiiit Os? cm., and then 
shaken on a 3U.niesh sieve to get rid of dust. They arc then hoilcfl for half 
an hour with go |Kr cent. HCI, filtered and smshed hi a Buchner funnel 
(Fig. 60) nntn free from chlorides, and shaken up with water in a large 
incasuring-e\ Under. Wien the suspension lias l)een quiet for a .short time, 
f-ay a minute, in onler to allow the coarser particles of asbestos to settle, 
the top litiuor is |K)urcd off into some con%x*nlent scsscl. The nsln-stos is 
then left to settle out completely, the top layer of water is j>oiired off, 
an<l the resithiul mush of fibres and water transferred to a luittle. The 
csintents of the liottlc must shaken lK*forc use, and w-ater may lie ndcUd 
fnmi lime to time. 

Makirifi it Gooeli. The crucililc Is luilf-filleil with the suspension of 
nsl>cstos and water, and the svater K allowcil to dniin awniy slowly with 
the pump ninning verj* gently. Tlicn pump is then turiu^ on full and 
the nsVstos is prrssrsl firmly down into the lioles. If the en<l of a thick 
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glass rod is fused in the flame and flattened out by gently pressing the rod 
vertically dosvnwards on an asbestos surface, a useful instrument for 
preparing a thin compact asbestos layer is obtained j this part of the 
process is largely a matter of experience. The asbestos is washed as 
follows : Turn the pump on gently and place the end of the glass rod on 
the centre of the pad. Then pour the washing liquid gently down the rod, 
raising the latter when there is a protective layer of liquid over the asbestos. 
When the Gooch is used for the collection of a precipitate the same pro- 
cedure is adopted ; the liquid must never be poured do^vn the sides of the 
crucible in case it displaces the pad. The crucible is washed and dried 
initially in exactly the same way as it will be washed and dried when it 
contains the precipitate. 

It is important to remember that the difference in pressure between 
the inside and the outside of the crucible during filtration must never be 
very great ; a liigh pressure difference will jam the particles of the pre- 
cipitate into the asbestos, and filtration will be slow. 

Porous Alundum Crucibles can sometimes be used in place of Gooch 
crucibles. They consist chiefly of alumina, which is held together by a 
very small proportion of binding material, and are made in different 
grades of fineness. The coarse grade is useful for 
certain crystalline precipitates, the medium for 
ordinary work and the fine for precipitates of small 
particle size, such as barium sulphate and calcium 
oxalate. It is convenient to have a number of these 
crucibles, each of about 25 ml. capacity, in each grade. 

They have proved exceUent in use, and are 
manipulated in exactly the same way as a Gooch 
crucible Is manipulated, except that, of course, no 
asbestos pad is required. They suffer from three 
disadvantages. As the whole material of the crucible 
is porous, soluble salts find tbeir way into the sides, 

_ and it is rather difficult to wash the upper part of 

TOs FOB Cle^uw «3 completely free from these salts. Further 

Special Cbucidles. “ very small quantity of alundum may be rubbed off 
the outside of a new crucible 'during the course of an 
experiment. More important, alumina is a hygroscopic material and 
therefore particular attention must be paid to the drying and weighing 
of alundum crucibles. For accurate work they must be weighed in 
stoppered weiglung-bottles. 

2f the precipitate is removed either by shaking it out or by the use 
of some suitable solvent when an absolutely clean crucible is required, the 
crucible ca'n be used again and again. The most efficient way of cleaning 
a crucible is by reverse washing. The apparatus (Fig. 44) consists of a 
wide-mouthed filter-bottle fitted with a large rubber bung. There is a 
hole in this bimg, and the stopper also carries a short glass chimney. Tlie 
crucible is inverted over the hole and it is surrounded above and beloiv 
by the solvent liquid, which is pulled slowly through the crucible by the 
water-pump. 

Sintered Glass Crucibles ore also of great ^•alue. Tliey are crucibles 
of blown glass, but a plate of sintered glass is fused into the bottom. 
This sintered plate is made by heating glass powder to a suitable 
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temperature ; Us porosity depends on the original grain size of the powder 
and, ns this size can be controlled, crucibles suitable for different t>T>cs 
of work can therefore be obtained. Tlic crucibles ni;c very clean and can 
lUler liquids verj’ rapidly, but it is inadvisable to use them for drying 
precipitates at high temperatures because the plate is apt to work loose 
from the crucible walls. Apart from this, like alundum crucibles, they can 
he used repeatedly. 

* The introduction of these three ly|>es of crucible lias made gravimetric 
analysis a much easier and speedier process, so much so that the ndsTintagcs 
of the use of filter-paper in complicatecl technical analyses arc often apt 
to be overlooked in college laboratories, and not enough opportunity is 
there given to acquire the skill necessary to manipulate a precipitate and 
paper successfully. 
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U. \\ Ido tot-tulw. //. S>7)lioM. /*. Filter tulie. S. Ilubbcr stopper. 

(Sm. Ilitblicr Collar. Gr, Adjustable glass tulic. 

Slicro-Filtration is conveniently carried out in the apparatus shoan in 
Fig. 15. The solution to lie ftUrrcil Is contained in tlie test-tnlie {/?), 
iincl it is drawn oscr Into the filter by suction applieil at the side-arm of 
the Ilask, at the rale of nlmul 2 drops per second. The filter (F) consists 
of a tiilx? «ith a constricted neck, svhich fits Inside a glasu sleeve (Cr) held 
In the niblicr hung of the Miction flask. The nctual filtering medium is a 
stnull plug of nsWstos or slntcm! glass, in the space just alwve the con- 
slrlrtion. The use of a i>nliefmnn to collect the last traces of fine pro- 
eipitiite is nsoidctl by aihling » fesv dnips of alcohol to the tcst-tul«, after 
ns much as {Kissihle »>r the filtnitr has lieen Irmsfcrretl to K by the wash 
liquors; tlirv art as an nggrrpittng agent. The aiipamtus Is suitable 
for Ihf drti nninatioii of Inlides ntid Milphales by pres'lpilnlion wilh silver 
nilralr ami haritim Milplnlr, res|ieetivriy. 
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Drying and Ignition of Precipitates 
After the precipitate has been collected, it must be dried. If a crucible 
has been used, it is frequently unnecessarj’ to ignite the precipitate, 
so that here the drjing is the final operation before cooling in a desiccator 
for weighing. Tile crucible is covered witli a disc of filter-paper to exclude 
dust, placed on a watch-glass or clean plate and dried in an oven at some 
suitable temperature to constant weight. A steam-chamber is sometimes 
used, but more frequently it is best to dty in an air-oven at 105® to 110® C. 
If the precipitate is to be ignited, it is sometimes adrisable to drj’ it as 
described above, but more often H is possible to proceed directly as follows : 
A nickel crucible considerably larger than the filter-crucible is chosen. 
Tlie bottom is covered ^^ith a thin layer of ignited asbestos and the asbestos 
by a platinum or porcelain plate on which the filter-crucible is placed. 
The large nickel crucible is covered partly or wholly with its lid, and is 
heated by one of the methods to be described later. If the precipitate is 
wet it is ad^^sable to raise the temperature slowly. 

If a fllter-paper has been used, the precipitate is dried 
by covering the funnel with a piece of paper to exclude 
dust, and placing the funnel in a steam-oven. Steam- 
ovens are neatly always provided with shelves perforated 
with holes to receive the stems of the funnels, but a 
truncated iron cone (Fig. 40) or any other suitable 
arrangement which allows the hot air to circulate freely 
round the funnel and so to dry the precipitate, may be 
used. It is nearly always profitable to ^llow the 
precipitate to become thoroughly drj' before making any 
attempt to bum the paper. 

The paper must now be burnt, and the weight of the 
aslj (see p. 37), if appreciable, must be subtracted from 
the total weight of the ignited precipitate and filtcr-ash. Sometimes the 
ignition of the precipitate and the incineration of the filter may be 
combined in one operation, but the two processes must be conducted 
separately if the composition 'of the precipitate is affected by the burning 
paper. 

The Weight of the Filter-ash is usually less than a milligram, and m.ay he 
negligible. TlUs aright is generally printed on the packet of papers, hut if 
necessaiy it may be found as follows : 

Six of the cut filter-papers are selected from diffefent parts of the packet, or 
six circular filter-papers are cut out of precisely the same size from different sheets 
of the paper. Tlicsc are carefully folded and burnt, one by one, in a weighed 
platinum crucible imtil the ash is white. The crucible and the ash are then 
weighed. Tlie total weight of the ash, divided by six, will give the average 
weight of the ash from one filter-paper. 

The Vessels used for the Ignition of precipitates which have been col- 
lected in filter-papers are crucibles or capsules made of platinum, silver 
nickel, porcelain, or fused silica. 

A Platinum Vessel should be used in quantitative work whenever con- 
siderations of suitability and cost permit. 

Platinum crucibles can be more rapidly and uniformly heated than 
those made of porcelain, and they arc not so fragile ; they resist the action 
of a coal-gas flame better than doe.s nickel, and they are practically 
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iiifusihle. A crucible JJ cm. in height and 3 cm. in ili.imctcr «ill Iw found 
convenient for most purposes. A 5niall open platinum dish or csipsulc will 
often ])c found more convenient than a platinum crucible for ifputions. 
The dish may be nbout 5 cm. in diameter, and have an extreme depth of 
al>out 2 cm. 

riatimim should nreer be omploj’Cfl under the following conditions ; 

(i.) In the presence of fused caustic alkali. Fused alkali carlwnate 
is |>crmissible if care is exercised. Fused alkaline nitmtes, peroxules, 
nitrites, and cyanides also attack platinum. 

(il.) In the presence of compounds of such casily-rcduclblc metals ns 
As, Sb, Hi, Zn, Pb, or .Sn. 

(ill.) In the presence of Si, S, Se, Te, or I*. Sulphides should never be 
ignited in platinum vessels, and phosphates only under circumstances 
wliicli make impossible the production of free phosphorus or a phosphide. 

(iv.) It should never be hcatcil in a sooty or luminous flame or in the 
inner cone of a Bunsen flame. This will eventually produce a carbide of 
platinum, Inch, though it may resemble the original metal in appearance, 
is much more brittle. 

(v.) In the presence of a mixture of nitric and hydrochloric acids 
(though each scp.amtcly is [lemdssihle), or of solutions containing chlorine. 
Obviously this injunction also applies to solutions containing hydro* 
chloric acid and a nitmte, or nitric acid and a chloride. Long contact ith 
a solution containing ferric chloride U also injurious. 

(vi.) Hot platinum should never lie touched with brass tongs, or 7inc 
from the tongs will alhiy with the platinum. Clean iron longs, or, pre- 
ferahly, tongs tipped uilh platinum or gold should be iirctl. 

(\ii.) During prolonged heating, platinum should never come into 
contact with any other metal sslmtsocvcr. Thus the use of bare 
Nirbmmc supports is precludctl. Platinum ware should l>c supported on 
glass or iKircclnin rings (see p. 33), when being hcatcil on n water*balh. 

The Cleaning of platinum vessels should be carried out with care. Tlie 
use of n knife, fdc, or even of an iintippeil glass roil should be absolutely 
forbkiden, though burnishing with fine sea-sand whose grains arc rounded 
and so small that they will pass ti 100-mcsh sieve, or -with verj* fine car* 
iKinmdum iKiudcr, is permissible and c\cn dcsimble. The sohent to be 
U'cil for cleaning platinum vessels dejicnds, of course, on the nature of the 
impurities present. Concentrated hydrochloric acid Mill remove many 
mclalUe o\ides, gentle fusion svith iKitnssium bisulphale svill remove 
many nciil-insoluble nxides, and a soilium carlHinatc or l>omx fusion will 
reniosc silicates. Orpuiie residues can often Ik* altnckeil by u mixture of 
Milptairle and clminiic acids, though care must Ik.* taken to see tiint this 
mixture is absolutely free from chlorides. Potassium hisulphatc, despite 
the fact that it has a dennite, though xlight, solvent action on platinum, 
is jK-rhaps the most gmcmlly usc*fii! of these reagents. SiKlium nm.algam 
i» useful for cleaning i>Iallmnn, esjiecinlly if have metals arc present in the 
surface. The amalgam is Mi|Ksl carefully «\fr the surface ivith a soft 
cloth; the surface Is then moistrmsl with wafer and again wiiicd to 
mno\e the ainalgam of llg 'vith Ijase inrtnls. and finally hititetl to redness 
to drive off the resitiinl llg. Platlmim ware not in use should. always 
l>c kept ill a IkixwoikI former having the exact shaj>c of the \rsM-l. 
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Silver or Nickel vessels are avaibtblc for fusions with caustic alkali, but 
as their weight generally changes on heating, thej' are not suitable for 
quantitative work. As the melting-point of silver is low (ODl® C.), silver 
vessels must not be heated strongly. They should be cleaned by burnishing 
^vilh sea-sand. 

Porcelain Vessels are much less costly than platinum vessels, and may 
be used for the same purpose ; they are quickly attacked by fused caustic 
alkali and by fused lead oxide, and cannot be rapidly heated and cooled 
wthout risk of fracture. 

’ Fused Silica vessels are not rapidly broken by rapid change of tempera- 
ture. They may he used for acid substances’, but not for fused or dissolved 
alkalis or even for strongly basic oxides such as PbO and CaO. They 
are practically infusible, and the loss of weight which they undergo by 
use and cleaning is less than that of platinum, while the weight for equal 
capacity is about tlie same. On the other hand, they lose in weight on 
prolonged' heating owing to volatilisation of the silica. If their use under 
these conditions is unavoidable, the extent of this loss sliould be deter- 
mined by weighing an empty dish before and after lieating, for the same 
time, and at the same temperature, and used ns a correction. 

Recryslalliscd Alumina crucibles (A],0,, over 99.0 per cent. ; melting- 
point, above 1,900* C.) are now obtainable. They are much cheaper than 
platinum and resist reducing gases, many fused salts, metals, concentrated 
Alkaline solutions and boiling sulphuric acid. Tliey are, liowevcr, Jess 
resistant to rapid heating or cooling than is silica. 

Frevention of Reduction or Oxidation during Ignition. When a reducible 
precipitate is being heated, care must be taken thot the ilame does not come 
into contact \iith the interior of the crucible. This is best avoided by applying 
a small dame to the bottom of the slanted crucible, or by sitting it in a hole of 
the correct size cut in a piece of good asbestos sheet. 



Fig. 47, Rose Crucibu:. Fig. 48. lomTiON m Gas. 



inverted bowl takes the place of the lid (Fig. 48). 

The Crucible is u^ally Supported on a pipe-clay triangle or on a triangle 
made of stout platinum or Nichrome wires twisted together (Fig. 49). 
IViangles w'ith coverings of fused silica may also be used. The pipe-clay 
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triangle should liavc a projecting edge in the middle of each side (Fig. 10). 
These strengthen those parts of the triangle winch are most subject to 
wear and breakage, and also allow of more uniform 
heating, because the flame surrounds the cnicihle 
better. 

The Temperature and Duration of the Ignition will 
varj' with the nature of the precipitate. 

In all cases the heat should be applied gradually. 

This is particularly ncccssarj’ when the substance is I'lPb-ciJkY 

imperfectly powdered, when it is not perfectly dr>', Tiuanoli.. 
or nhen it is in the form of a very hghl powder. 



Tio. CO, loNiTios OSTR TiiR Wallace.Aroavd Buiumn. 

The Ordinary Method o! Ignition by means of a Bnnsen Burner is shown 
in Figs. 51 , 52. The crucible rests on a plpc-cIay triangle on the ring of a 
tripod stand or of a retort stand. A retort-stand (Fig. 52) is generally to 
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be preferred ns a sujijKjrt, U’caute tlie height of the cnicihle nlxive the 
llamc etm Ik* suUnhly n<lj(i*>to«I. 

When Loss of Liquid by Spirting might occur, the Substaaco Is Healed 
!fom Above. Tlie cnicihU* contnlnlng the substance is inclined as Is shown 
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in h't^. 52. A small flame is placed under the upper edge, and the substance 
is heated partly by heat radiated from the lid, and partly by the conduction 
of heat down the side of the crucible. The ignition is finished by placing 
the flame immediately below the bottom of the crucible. 



Ignition at Higher Temperatores is secured by using the foot blo^vpJpe, 
but for most purpose the Fletcher safety bunsen or the RKker burner 
will amply suffice. These burners are specially designed to yield a “ solid ” 
high-temperature flame, which will melt copper. 

Another form of high-temperature burner is the Teclu 
burner (Fig. 53), in which the air supply enters the conical 
portion of the burner and is regulated by Totating the 
disc (a), while the screw {b) regulates the supply of gas. 
>Vhcn a high temperature is required, the full supply of 
gas is turned on, and the disc is then rotated until a 
roaring flame is produced. 

TJie ignition of precipitates at iii'gii temperatures, 
however, is most conveniently carried out in a muffle 
TtCLU Buasxa. furnace heated either by electricity or by gas, and so 
designed that a current of clean air can be dmwTi at will 
over the crucible. The temperature should be measured by a suitable 
pyrometer. 



Ignition of the Precipitate and Incineration of the 
Filter in one Process 

This method is used when the combustion of the filter-paper can 
exert no harmful action upon the precipitate. The filter and precipitate 
are first thoroughly dried in the steam-oven. The filter-paper, still 
containing the precipitate, is then folded together and the free edge of 
the paper is tufned dowm, so as to enclose the precipitate in as small a 
space as possible. TJie paper is now placed in the crucible, which is 
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nearly covered with the lid, n small space only bein" left for the escape 
of any gas. 

The hcJit must be applied slowly at first, but ns soon as the flame 
due to the burning of tlie combustible gases is no longer seen, tlic lid 
may he removed, and the heat may be Increased as required. Slow heating 
is necessary, because the carlwn of filter-paper may change to graphite 
if it is heated rapidly to a high tcm|>cmturc. As graphite is much more 
dirTicult to burn than is amorphous carlion, time may be lost instead of 
gained by rapid heating. After the filter-paper has been converted into 
ash, and the black carbon from the paper has been completely burnt, 
the crucible is allowed to cool. As soon as it has cooled below redness, 
it is removed by means of a pair of clean crucible tongs to a desiccator. 
The crucible lid is then ignited, if neccssarj*, tintil it is clean, and is placed 
upon the crueihle. The crucible is weighed with its contents as soon as 
it is cold. If will usually require nlmut tsrenty minutes to cool. The 
mfciWc sl/oidd he healed and cooled a second tioic nnd, if necessary), a third 
and fourth time, until its iceight is constant, and It is a good plan to standardise 
this procedure, f-o that the cnicible cools for the same time both when 
empty and finally; if this is not done errors may arise with cniciblcs which 
cool only slowly {c.g., hcasy porcelain crucibles in a warm laboratorj'). 

. If the Filtqr-Paper is Difficult to Bum and Mack i>articlcs of carbon wrsisi, 
the crucible should Ik: allowed to cool. Tlien, providctl tbc nature of the pre- 
cipitate allows, the wid ash is moistened with a drop of a saturated solution of 
nnininnlum nitrate. Next, the water Is slowly removed and the precipitate is 
again Ignitixl, The paper will seldom Ite dininilt to bum if the initial heating 
has been earrieil out slowly, 

Isnllion of the Undried Precipitate. Some precipitates may he ignilnl without 
previous drsing in tlic Mcam-ovcn. In this case great care must, Iw taken to 
avoid spattering. If a jKircclain or silica cnicible is being u«e<l it is probably 
l)est to heat It lirst on an nslicstos mat or thin iron plate until the pajwr has 
thomtigldy rharred. Tlie cnicible Is then tninsfcrrcd to a triangle and the 
ignition oomph led in the ordinary way. If n platinum cnicible is available, 
tlie paper can lx? drieil by heating from above (Fig. 5-), and the flame sbotihl 
not l>e niovcil to the bottom of the cnicibic until it is certain that all tlie pajK-r 
Is thonnighly diy. 


Ignition of the Precipitate, and Separate Incineration 
of the Filter 

This pmeess N used when the burning filter*pai>er might partially reduce 
the i»refipitatf, nnd iils«> sshen it is dcsinibic to keep the jirecipitnte apart 
fnun the filter-ash. Tsso methods nrc de*^ril>e<l below. 

First Method. The Filter is Eamt in b Flatinmn-wirc Coil, and (he Ash 
and the Precipitate are Ignited together in the Cmcible. Thedry pneipitate 
nncl filter are taken fmm the fimnel, nnd the precipitate is carcfullv vhakin 
smt of the fiUet into t!»c cr^iciWe or cai>swJc. 

The enieihle should meanwhile Iw placed on a piece of glared fkaper 
(!'ig. 31). which cjitehes any i>articlcs of precipitate which m.ay fidi outside 
the enieihle. Tor sliirk prreipil.'itcs, while pjil>cr may lx? used ; for li"ht 
eolouml ptv<-ipitaU's, uve dark paper. S<» fur ns jkossible, particles of Uic 
prtH-ipilnle whieli remain udhrrilig In the IllIrr-paiMT should lx* jldnelml 
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by gently rubbing the sides of the paper together, and then transferred to 
the crucible. If a spatula is used for any of these operations, it should 
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finally be wiped clean of any precipitate on a piece of the filter»paper, 
which is then also added to the chicible. 

The filter-paper is now folded as is shown in Fig. 55, and it is then 
rolled lip (Fig. Sfi). Next it Is bound by a piece of platinum wire, which 
is coiled round it in a spiral forrn. Some fairly stout platinum wire about 
6 inches in length, one end of which has been fused into a piece of glass rod, 
will be found suitable. 

*The filter-paper is then kindled by the flame of a horizontally-held 
Bunsen burner, and is kept glowing by occasionally introducing it into* 



Fios. 65, 60. PaEPAnmo Filter for Incinebatiom. 


the flame until the carbon is burnt away. A slight tap of the wire on 
the edge of the crucible will cause the ash to fall into the crucible. If the 
wire has been coiled into a conical spiial, the folded filter may be dropped 
into it, and the ash may be easily turned out after the ignition by simply 
inverting the spiral. Any particles of the precipitate or of the filter-ash 
which may have fallen upon the sheet of glazed paper are then carefully 
transferred to the crucible by means of a small carael’s-hair brush, and 
the crucible and its contents are ignited, allowed to cool in the desiccator, 
and weighed. i 

The use of a spirit flame at this stage Is recommended. If a Bunsen 
burner is used as is shown in Figs. 54 and 57, great care must be taken to 
see that it is quite clean, or pieces of scale from the tube of the burner 
may fall into the precipitate. To light the paper with a match is to run 
the risk of the burnt head falling where it fs not wanted. 

II the Precipitate contains a Metal, which may be reduced by the burning 
paper and then may alloy with the platinum ivire, great care must be taken 
to fold the filter so as to enclose the adherent precipitate in the middle of the 
paper coil. However, in this case it is preferable to use the second method of 
incineration. 

II the Sahstance can he Altered in Composition by Contact «i(b the fioniiag 
Paper, it is usually nccessaiy to treat the filter-ash «ith a suitable reagent, in 
order to restore that part of the substance which has been ignited on the paper 
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to its ori^'iiial t'oinjiositioii. In lliis case tbcnsh is nllonctl to fall upon n sepamte 
part of the bottom of the crticibic or capsule : the ash can then be treated apart 
from the main part of the precipitate. An alternative method is described 
below. 

Second Slethod. The Filter Is Bnmt in the Crucible and the Precipitate 
is then Added and Ignited. Tlds method gives satisfactory results witli 
careful manipulation, but it will be seen that there is a greater risk of loss 
of precipitate than in the preceding mctliod. The procedure is ns 
follows : 

Tlic precipitate is carefully transferred to a watch-glass or to a piece 
of glazed paper, and is covcrcrl with on inverted funnel (Fig. 57). 


Fio. C7. Incikeilvtion or Tnc_^FiLTEn. 

The paper is then folded upandisincincratcdbyhcoting it in a crucible. 
Or the filler may be held by clean crucible tongs in the flame, but over 
the crucible, until most of the carbon has burnt off ; the residue is allowed 
to drop into the crucible, and the Ignition is finished o\er the Bunsen 
flame. The precipitate is then place<l in the crucible, a small comcrs-hnlr 
brush being used to sweep the last particles from the glazed surface. 
Finally, the crucihlc and its contents arc ignited at the appropriate 
temperature. 

Preparation of Pure Substances 

The use of pure substances for practice and ns standards in quantitative 
analysis is sometimes indispensable. Some gcneml methods for purifying 
substances nrc therefore described in the following paragraphs. Pure 
chemicals can now, liowcvcr, usually be bought under a guarantee ; the 
proihicts specially preparctl for analytical work (os indicatctl on the label 
on the bottle) should be chosen, ns they contain less than the minimum 
quantity of nny y>arllailar impurity wlilch is likely to nffeet any deter- 
mination in which they are used. 

The Process ol Crystallisation i* used for the preparation of pure sub- 
stances and of double salts. 

The purity of a soluble and crystalline chemical compound can usually 
be incrt-aMHl by dissolsing it In a suitable medium and rcpcate<lly cr>*staf- 
lislng it, since by this trcatinent the Impurities which svcrc present in the 
original substance nrc left behind In the mother-liquor. Many commercial 
salts may be purifleil by crj-^tallidng them once or twice from their solution 
In water. 

D<rihle salts e:iu usually be made by dissolving their component salts in 
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by gently rubbing the sides of the paper togetlier, and tlien transferred to 

the crucible. If a spatula is used for any of these operations, it should 



finally be wiped clean of any precipitate on a piece of the filler-paper, 
whiclv is then also added to the crucible. 

The filter-paper is row folded as is sho%Tn in Fig. 55, and it is then 
rolled up (Fig. Sfl). Next it is bound by a piece of platinum wire, which 
is coiled round it in a spiral fonn. Some fairly stout platinum wire about 
6 inches in length, one end of which has been fused into a piece of glass rod, 
^YiU be found suitable. 

The filter-paper is then kindled by the flame of a horizontally-held 
Bunsen burner, and is kept glowing by occasionally introducing it into- 
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the flame until the carbon is burnt mvay. A slight top of the wire on 
the edge of the crucible will cause the ash to fall into the crucible. If the 
wire has been coiled into a conical spiral, the folded filler may be dropped 
into it, and the ash may be easily turned out after the ignition by simply 
inverting the spiral. Any particles of the precipitate or of the fUtcr-ash 
wliich may have fallen upon the sheet of glazed paper are then carefully 
transferred to the crucible by means of a small camers-hair brush, and 
the crucible and its contents are ignited, allowed to cool in the desiccator, 
and weighed. 

The use of a spirit flame at this stage is recommended. If a Bunsen 
burner is used as is shown in Figs. 54 and 57, great care must be taken to 
see that it is quite clean, or pieces of scale from the tube of the burner 
may fall into the precipitate. To fight the paper with a match is to run 
the risk of the burnt head falling where it is not wanted. 

II the Precipitate contains a Ketal, tihtch may be reduced by the burniag 
paper and then may alloy s'llh the platinum wire, great care must be taken 
to fold the filter so as to enclose the adherent precipitate in the middle of the 
paper coil. However, in this case it is preferable to use the second method of 
incineration. 

XI the Substance can be Altered in Composihoa by Contact niUt the Baraiag 
Paper, it is usually necessary to treat the fllter-ash with a suitable reagent, in 
order to restore that part of the substance which has lieen ignited on the paper 
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to its orif;uiul coiiii)0»ilioi>. In tills case tbeosh is alloMcd to fall upon a separate 

f inrt of the bottom of the crucible or capsule: the ash can then be treated apart 
roni the main part of the precipitate. An oltcmntive method Is desenbed 
below. 

Second Method. The Filter is fiomt in the Cmcihle and the Precipitate 
is then Added and Ignited. This method gives satisfactorj’ results Arith 
careful manipulation, hut it will be seen that there is o greater risk of loss 
of precipitate than in the preceding method. The procedure is ns 
follows : 

The precipitate is carefully tmnsferred to n AA'atch-glnss or to a piece 
of glazed paper, nnd is covered with on inverted funnel (Fig. 57). 



Tiic pajicr is then folded up and Is incinerated by heating it in a crucible. 
Or the filter may be held by clean crucible tongs in the fiame, but over 
the crucible, until most of the carbon has burnt off j the residue is allowed 
to drop Into the crucible, and the ignition is finished oAcr the Bunsen 
flame. The precipitate Is then place*! in the crucible, a small eamcPsdiair 
brusli iK'ing u«c<i to sweep the last particles from the glazed surface. 
Finally, the crucible and its contents arc ignited at the appropriate 
tcmi>croturc. 

Preparation of Pure Substances 

The use of pure sutistanccs for practice nnd ns standnrtls in quantitative 
analysis is somclitncs indispensable. Some general methods for purifying 
substances arc therefore described in the following pamgmphs. Pure 
chemicals can noAV, liosrcvcr, usually be bought under a guarantee ; the 
products specially prepared for annlsilcal work (ns indicated on the label 
on the l)ottIc) should be chosen, ns they conlnin less than the minimum 
quantity of any particular impurity which is likely to affect any deter- 
mination in Ashicli they arc used. 

The Process oI Crystallisation is used for the preparation of pure sub- 
sLances nnd of double salts. 

njc purity of a soluble and cr^'staltinc chemical comiwund can usually 
be incrrascfl by dlsv^lving it in n suitable medium nnd repeatedly cr}'btnf- 
lislng it, since by this trcatnicnt the Impurities srhich Were present in the 
original gubst.ince are left behind in the mother-liquor. Many commercial 
MlLs may be purified by crj-stallising tlicm once or tAvicc from their solution 
in ssntcr. 

Do'iblc salts can usually be made by dis^lving llieir com|K)ncnt salts in 
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suitable proportions in as little hot'iratcr as possible, and crj'stallising the 
inixe<l solutions. It should be noted, however, that in the preparation 
of a double salt it is sometimes necessarj’ to mix the component salts 
in proportions different from tho&e in which they are present in the double 
salt. 


The Cr 3 rsiallisation of Salts. The following is the usual procedure. A 
beaker, or flask, or a porcelain dish is used for the dissolution of the solid. 
A hot, saturated solution of the solid in water, or in some other suitable 
solvent, is made by stirring the linely-cmshed solid with the hot liquid 
until the solid no longer dissolves. The hot clear solution is then decanted 
or littered from the excess of solid into a crystallising dish. 

MX H- HjO = MOH + HX. 

The resulting hydroxide reacts with the excess of salt to form an insoluble 
basic salt. The solution then becomes cloudy. This may be prevented 
by adding to the water a few drops of the 
' V " acid corresponding with the acid radical 

“• “'y ^ which is present in the salt, before the salt is 

/ \ \ added. If any suspended matter Is present, 

I \ \ // the solution must be filtered in a funnel 

surrounded by a hot-waler jacket. 

U The apparatus is In Fig. 5S. It Is a 

Fic. 58. HoT'WATcn double-walled copper vessel in the shape of a 

FaTEn-jACKirr. truncated corjc. In communication with tiie 

interspace of this is b hollow projection (o). The 
apparatus is half-filled with ivotcr, and tlio water is heated to boiling by placing 
a Bunsen flame beneath the projection, x 

The clear hot solution is rcceiv^t in a thin glass vessel which is 
surrounded with cold water, and the solution is constantly stirred while it 
is cooling, to promote the forraatJon of small crystals. Larger crj'stals 
may be obtained by allowing ‘jhe solution to cool 
slowly, but these are liable to contain enclosed (T , 
mother-liquor and to be less pu^-e than small ciy'stals. I 

As soon as the crystals have cfcased to form they are 
separated from the mother-lilijuor by means of a A A 

Buchner funnel (Fig. 59). Tlifese funnels ate nearly > — - — 

always made of porcelain. In jtlie centre of the funnel j- 

is a perforated plate which is leovered with a circular ^ 

filter-paper. For ordinary woLfc a funnel, some 9 cm. j \ 

in diameter, with a capacity }of about 200 ml, is n ! \ 

convenient size. The funnel ii^' fitted into a fdtcr*flask, / \ 

f as shown m the figure. / / \ 

To separate the crystals, fi^ wet the paper with a Bucuner 

small quantity of distilled waiter. Sec that the paper ‘ 
is tight up against the holes,) and draw off excess of 
water by turning on the wateVpump. Then empty tlie contents of the 
crj’stallising-dish into the funiVel, draw off the liquor, and press the 
crystals doivn by pushing them wir*^t3ic fiat top of a glass stopper. Wien 
they appear to be dry, wash them rap^*^ with successive small quantities 




PREPAHATIO:^ OF DOUBLE SALTS 


of cold \ratcr, finally again pressing (licm donTi with the glass stopper. 
Leave them to drj' in the stream of ftir sucked in by the pump. 

IVhcn t?ie crj'sfais appear to be drj' they arc broken up and tronsfcrrerl 
to nn unglazcd, porous plate. If they are left on this plate for hours 
they will drj-, especially if they are ttime<! over with a glass rod. If a 
final drj'ing is necessary, it may be carricil out by pressing tliin layers of 
the crj'stais between fillcr-paiwr. During cTA-stallisation and collection, 
the crystals must be shielded from dust. 

The Practice of Drying crystals in a desiccator, in a stearn-oven, by 
washing with alcohol or even by drj'ing on the hot-svater radiators is 
strongly to be dcprccalwl unless It Is known definitely that the drj- 
crystals do not change in composition during such treatment. Many 
substances contain water of crj'stallisation and easily lose nil, or n portion, 
of it. For example, CuSO|,5lfjO becomes CiiS04,IIj0 on heating in air 
to too® C., l>«t is perfectly stable nt room temperature. Any hydnxtc 
exerts a definite vnpour-prcsstrrc of water nt a definite temperature, the 
pressure increasing rapidly s\-ith nn Increase in temperature. If the 
crystals arc placed in nn atmosphere srlicre the sapour*prcssurc of water Is 
lovscr than that of the hydrate at that lcmj>cralurc, as in a desiccator or 
steanvoven, a change in chemical composition will take place. 

Certain salts, such as NajCOj.tOIIjO, lose water on standing in the air 
of a laboratory ; they efllorcscc. Others, such ns CaCl„ take tip water 
from the air and dchViuosce, because tlic'ai)our*pressures of their. saturated 
solutions are less than the pressure of water vapour present in the air. 
Kflloresecnt and tlcHqucsccnl substances arc dliricult to prepare and 
maintain in n pure stale, Tlicrcforc they nrc unsuitable for use ns standnnls 
In nnnljUeal work. 

nxrnnilfliXT Jl. IVcigh out about ICO grm. of potassium alum. 
KiS04.Ab(S04)„2tlI,0. and dissolve In 100 ml. of Iwiling eiistilJed water to 

I’lUcr the snhition 
fals and place tliciu 


Kxr»:nnn:vr 12. M’cisli out about JOO prm. of ropjicr sulphate cr\-st.ils. 
CuS0,,5H,0 ; dissohf the s.'ilt in 100 ml. of l>oi)ing distilled svnicr, cr\-stalhsc) 
dn- the crj-sbaN, and p!.ifc tlirni in a bottle for siibseouent use. 

'Hic folJauing fulistanees iiuy also !>c erj*slnlHsesi, nnd used ns standards: 

KCl; Xir*CJ; .McS 04 . 7 II, 0 ; H.iCJj, 2 Il 40 ; ZnS0..7iL0; 

; K,Cr,0,; nnd lljCjO^eiljO. 

In the Formation and CrrstaUisation o! Doable Salt5, the metiiod used 

wir/cs svith the properties of <7ie Mifistarice>. 

The usual methcKl of prcp.'iring a double wilt consists in wciglung out 
the .simple salts in the mnlccukir )in>}»ortiQns In uhich they are eontainesl 
in the double s.nli. A hot, conccntratcil snlullnn is then made of c.aeli mH 
K-panitily ; (he'C two solutions nrc iiiKcd Ingcthcr, and the liquid thus 
ohtalncil is crj'stallNetl. 

This inrtlKxf, lit)we\er, cOnmit alwij-s !«• cmploycil, since a stdulion of 
the C(»mj*oncnt salts, juvparrsl as is slirrclctl nl>ovc, txmisionallv ssill 
drf>osit hot only ciystnN of the duutdr s.alt, but also of one of the rom* 
[Kinent s-ills. This flifiiculty is oterrurnc by using nn excess of the other 
s.»Jt. It follous that if the onec-crj sballiM-d double s.-ilt is miuirtii in nn 
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absolutely pure state a certain proportion of the latter salt must 
also be added during the second crystallisation, or the product of this 
recrystallisation may be less pure than were the original crystals. 

ExPERisiE?rr 13. Preparation of MgSOi.KiSOiGHiO. Weigh out 87 grm. 
of pure K,SO« and 160 grm. of pure llgSOi.THjO. It will be noticed that the 
weight of the MgSO*, 711*0 is in excess of the molecular proportion. Dbsolve 
these salts separately in boiling distilled water to which a few drops of dilute 
sulphuric acid have been add^ ; mix the solutions, crj’stallise, and dry the 
crystals of the double salt. 

The following double salts may also be prepared, using the molecular pro- 
portions of the component salts denoted by the formula: of the double salts. 
The weighed salts are dissolved in the least possible quantity of boiling water, 
and are treated as described above. 

K,SO*.Al,(SO|),24HjO j CuSO*.(NH4)*SOi.6H|0 ; CuCl,.2NH*CI,2H,0 : 

. NiSO4.(NH4),SO4,0H,O. 


Experuiest li. Preparation of PeS 04 .(NE 4 )*S 0 „ 6 fit 0 . Weigh out 70 
grm. of pure crystallised FeS 04 , 7 H, 0 , and dissolve in 120 ml. of hot, Stilled 
*- —1 \ ; 

E ■ ‘ M', 

a ■ ■ ■ ■ » * . • . _ ' ; ■ 

Allow to stand for two hours and collect, drain, wash, and dry the crystals. 
As this double salt Is very stable, it is permissible to hasten the drying process 
by canydng out the final washing irith a little pure methylated spirit. 


Other Methods of Preparing Pure Substances 

Sy Precipitation and snbseanent Washing and Drying, many chemicals 
may be prepared in a pure state. " 

ExFERniENT 16. Preparation of Pare CaCO,. Dissolve lOO grm. of pure 
calcium chloride in 250 ml. of distilled water. Heat the solution to boiling, 
filter if necessary, and then add a concentrated solution of (NH 4 )|CO| so long 
as any precipitate is formed. Allow the precipitate to settle, and wash it by 
decantation. Now transfer the precipitate to a Buchner funnel ; then wash 
it TOth hot water until the filtrate no longer gives any turbidity with AgNOj 
solution, showing that all the dissolved chloride has been removed. 

ihe precipitate is now completely dried in a steam-oven, detached from the 
filter-paper, and placed in a bottle for further use. 

Pure BaCOs and SrCO, may be prepared in a similar way. 

Experiment 10.' Preparation of Pore NaCl. Dissolve 100 grm. of NaCl in 
400 ml. of distilled water, and filter if necessary. Precipitate the NaCl by adding 
a concentrated solution of HCl ; or by passing into the solution a current of 
HCl gas, prepared by dropping concentrated sulphuric acid into a concentrated 
solution of hydrochloric acid and cleaned by bubbling the gas through n wash- 
bottle containing a little concentrated sulphuric acid, which also removes any 
spray. The delivery tube should have on inverted funnel attached to it by a 
piece of rubbei tubing, and the mouth of the funnel should dip just below the 
surface of the sodium chloride solution. Ttiis precaution is necessary in order to 
prevent the salt solution from “ sucking back ” into the concentrated sulphuric 
acid. \ 

The passage of the gas into the solution will precipitate the NaCl as small 
crystals. As sdon os the precipitation ceases, the NaCl is washed twice by 
decantation with pure concentrated HCl and transferred to a Buchner funnel, 
washed once or'l^viee with a small quantity of cold water and drained. If 
necessary the salt’is then placed on a porous plate, and is finally freed from IICl 
and from >Tatcr by heating it in a porcelain dish over n small Bunsen flame. , 

Th»q pure drj’ N.iCl is preser\'ed for use in a stoppered bottle. 
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Exterisient 17. Preparation ol Pure Anhydrous Tartar Emetic. llL'^olvc 
100 grm. of tnrtar cmelic, K(Sb0}C(ll4Ot,ilI,O, In the smallest possible nuantity 
of water. Add to this solution about tiricc its \olume of methylated spirit. 
Wash the salt thus precipitated with methylated spirit, and dry it at once in a 
steam-oven. Tlic product will be anhydrous. 

Sublimation is used occasionally to separate volatile from non-volatile 
substances. If a volatile substance is to be puriiled, sublimation may be 
carried out by placing the substance in n porcelain crucible, and inverting 
nnotber crucible over it. ^Micn the lower crucible is gently heated, the 
substance will volatilise and the S'apour will condense in the upper crucible, 
which must be replaced it it becomes hot. Another method consists In 
heating the substance in a porcelain dish, and condensing the STipour in 
a large inverted funnel covering the dish. 

Unless the substance which Is to be sublimed is known to be perfectly 
dr>’, it is best to allow the first portion of Its STipour to escape, so as to carry 
off the moisture. 

Exterimcnt 18. PurlQcation of Iodine. Partly till a porcelain crucible with 
a flncl^'-powdcrcd and Intimate mixture of three parts of iodine with one part of 
potassium iodide. Cover this srith a second crucible, and heat the mixture 
gently. Remove the sublimed crj^tals from the upper crucible, and store them 
in a clean dry bottle. 

The addition of potassium iodide to the iodine,' followed sublimation, 
removes chlorine and bromine from the iodine : CIt + 2KI •> 2KC1 + i|. 

Experiucst 10. ResublimsUoQ ot Anenioos Oxide. Introduce Into a small 
norrclain dish n thin layer of AS|0«. Invert over this a clean glass funnel, and 
heal the dish gently In a fume-cupboard. Detach the sublimate from the funnel, 
and keep it in n bottle for future use. 

General Rules for Working 

Many rules nnd precautions have already been given nmong the foregoing 
gcnonil directions for the carrying out of analytical processes. In the 
billowing statement these directions nre summarisctl, and others are 
u«Ide<l which will lie of great assistance to the student. 

1. Reforc commencing work, see that nil reagent bottles arc full. 

2. Keep the licnclics scrupulously clean nnd dry. 

n. All apparatus should be kept perfectly clean. hIctho<ls of denning 
glassware arc given on p. 107. 

4. llcfore commencing the qunntitatis'e analysis of a substance of 
unknown c«mi>os|i(nn. a careful qualitative analysis should Inswriably 
l>p made. • 

r*. llcfore starting any unfamtliar nnalytical process, rend carefully 
through the xehote of the description gb'en, and master Its details. 

fi. Never place a substance directly on the scale-pan of the balance, 
but put it in a weighing-tube or other suitable vessel. Clean pieces of 
metal, however, may l>c wcigbe<i directly. 

7. No substance which gives off corrosive gas or smpour should ever l>e 
weighrtl on a delicate luhnce, unless it Is cnnlnlnwl in a tighllv-slopjH.*r«i! 
U.lllr. 
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8. 'Wlien a weighing is finished, note don-n the weight at once in a note- 
book (not on any odd piece of paper), and check it. Take care that the 
weight is entered correctly, since one slip will ruin an analysis. 

9. Never leave weights on the scale-pan after a weighing has been 
finished and the weights recorded ; always close the balance-case as soon 
as a weighing is completed. 

10. After a body has been heated, it should be allowed to cool in a 

desiccator before it is weighed, and it should be weighed as soon as it 
is cold ; observe the precaution indicated on p. 51. ' 

Crucibles should be heated shortly before they are used, then allowed 
to cool in a desiccator and weighed. These processes should be repeated 
each time a crucible is used. If it is known that the crucible does not lose 
weight when heated to the ignition 'temperature, it is sufTicient to warm 
it only to about 200® C. during the preliminary drying. The temperature 
can be gauged b}' bringing Che %vann crucible near to the check. Very 
hot crucibles, loaded or unloaded, should be allowed to cool down in the 
air to just above 100® C. before being transferred to the desiccator, because 
they cool comparatively slowly when enclosed in a glass vessel.' 

11. All splashing while filtering and pouring off liquids must be avoided, 
A liquid may be poured from one vessel to another by pressing a wetted 
glass rod against the edge of the upper vessel, and leading the liquid 
along it to the inside surface of the lower one. If the outer edge of the 
upper vessel is thinly greased, the chances of loss of the liquid by dribbling 
down the outside will be substantially decreased. 

12. The kind of crucible to be used In an analysis depends on the 
nature of the substance to be handled. Tlje limitations are set out on 
pp. 40-'49. For the use, cleaning and care of platinum, see p. 40. 

13. A flame which is used for heating crucibles should be free from 
luminosity and strong colour. If the flame is luminous it will deposit 
soot on the vessels with which It is in contact. If it’is coloured, it will 
probably deposit zinc or copper, or the oxides of these metals. 

14. If an operation is unfinished when work ceases, the vessels containing 
tlje substances should be labelled before they are put awTiy. Never trust to 
memory in these matters. 
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SECTION IV 

Introductory Remarks. In the followinj* sections, the most important 
Sind typical processes are printed in onlinarj* type; those Mhich arc of 
less im[H)rtnncc arc printc<I in smaller ty[ic. The determinations of metals 
and of neid nulicals are nrmn;;ed, on tlie whole, exercises of increasing 
dillicully, rather than in the order of the analytical groups. Many of the 
methods can he carried out on the micro-scale {see p. 251) in the api>ar.itus 
ilescrihcd on p. 45, hut apjilieations of this kind should not be undertaken 
hy the student until he is fully proficient in manijiulating the larger quan- 
tities ; in highly-aecumtc micro-work a blank determination should l)c 
carried out on the reagents used. 

As most of the determinations arc to be carried out on substances of 
known 'and definite composition, the accuracy of a student’s result can be 
checked by calculation. When the substance is of unknown composition, 
two (Ictcrmfnnlions should be made. It is usual to consider the percentage 
result obtained sufficiently nccumtc If it does not differ hy more than 
0 2 from the duplicate result or from the calculated theoretical result. 
For example, it is known that jnire copper sulphate, CuS0|..51I,0, contains 
23' 13 i>cr cent, of copper ; a determined v,a!nc of from 25'23 to 23 05 per 
cent. Would therefore onlinurily t»e accepted. This nllowauec of 0-2 )>cr 
rent. Is quite nrhitm'r>', and must only be useii ns an approximate guide. 
It is obviously too generous when a substance contains only a small per* 
ccnlagc of the element to he dctcnniiusl, and It may lie too narrow when 
the stihstancc contains « large |>erocntngc. The error Inherent in the 
inctlKxl should nNo be taken into account. 

Errors in Gravimetric Analysis. It Is generally assumed that the results 
of gravimetric analysis an* extremely aerAiratc, and then' is a tendency 
to forget that this is mj only when certain rrnirs have heeii taken into 
neetmnl or when the work has I>ecn c;»rried out In such n waj' (generally 
hy tloing ii check iletcrmination on known materials in p.initfel witfi (he 
assay) that these errors have l>cen cxeliah'il. 

- As a source of ernir, consider MdiilMlily. Very fewehcinieul rom{K)nnds 
are truly insoluble In pure water, and fewer still are Insoluble in a solution 
from whieb they have l»een prrcipitntrd Siher eliloride is generally 
n g.mled ns n very Insoluble compoiiml, but 1 litre of water will «Ilssolvc 
iilKiut 0 (K)13 grm. of the sjilt at 18“ (*., while its sohihilily in liydnichlorlc 
achl orinwtak lirine is vtrj* »smsMendily greater tlian this. Thus, if n 
weight of pure siher to gise, theoretically, () 3 gnn. of the chloride is 
disvihrd in nitric acid and preeipitn!c»l by the addition of a solution of 
common sjilt, there might lx- left uniirceipitnteil in the liquor 0-()02 grm. 
of the chloride and nnotficr 0 (KI| gnu. might I*e ih'ssfds'isl by (lie wush- 
witcr. Therrforr the weight of the rhlnri«le found wmiM l)c 0 t07 gnn. 
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Moreover, if a weight of silver to give -only 0-2 grm. of the chloride i<? 
taken, the solution errors would be nearly the same, and O-IOT grm. would 
be found. These solution errors may be considerable ; it is extremely 
difficult to allow for them by calculations based on data obtained from 
solubility tables. 

Two other frequent causes of error are adsorption and variation in 
composition of the precipitate. In the first case, the precipitate adsorbs 
some of the precipitant or other compound present in the solution. In 
the second case, two or more chemical compounds are formed by adding 
the precipitant to the solution to be analysed. For example, when a 
solution of potassium ferrocyanide is added to a solution containing zinc, 
the precipitate may be a mixture of ICjZnjFejCijN,, and ZntFeCaN#. 
The exact composition of this mixture depends on various factors — 
temperature, concentration of solution, rate of addition of ferrocyanide, 
other ions present in solution, etc. By a correct choice of the conditions, 
adsorption and variation of composition can usually be avoided. By 
working a blank in parallel with the assay under rigidly controlled 
conditions, most errors are minimised. 

The methods in this section give fairly accurate results when the 
ordinary gravimetric errors are disregarded, but for special work it is 
essential to run a blank of approximately the same composition as the 
assay. For example, the percentage of silver in a coin has to be determined. 
Preliminary experiments have sho^vn that the com contains about 00 per 
cent, of silver, the remainder being copper. Take 0-4 grm, of pure silver 
and 0 044 grm. of copper and dissolve these metals in nitric acid. In a 
second vessel dissolve 0-444 grm. of the coin, using the same quantity of 
nitric acid. The two soiuthns wiil now be almost identical. To each 
add the same slight excess of a solution of common salt, adding the pTC> 
cipitant to each at the same rate and under the same conditions of 
temperature and stirring. Filter and wash both precipitates in exactly 
the same way. 

Now 0*4 grm. of pure silver should'‘yield, tlieoretically, 0-5315 grm. 
of chloride. Only 0*5208 grm. may have been collected from the blank 
and 0-5147 grm. from the coin. The calculation is as follows : 

0-5208 grm. of silver chloride is obtained from 0-04 grm. of silver, 

0-4 X 0*6147 

0-5147 grm. of silver chloride is obtain<xl from ^ 

= 0*3880 grm. of silver. 

0*444 grm. of coin contains 0*3886 grm. of silver. 

, „ „ . . 0*3880 X 100 

In 100 grm. of com is ■ ■ — — . . 

0-144 

s= 87*52 grm. of silver. 

The calculation from the absolute weight of chloride obtained from 
the coin, neglecting the blank altogether, gives 87*30 per cent, of silver. 
The first result is obviously the more accurate. 

Note-book, Entries and Calculations. A note-book of not less than 
quarto size >vill be found convenient for the entry of the results. The 
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description and the results of the analytical process may be entered on 
the rightdmnd page, the left-hand page being reserved for the necessary 
calculations. Never jot down weighings and quantities on loose sheets of 
paper. A good plan is to keep a small note-book, little more than a pocket- 
book, in an outer pocket ; this can be used for rough notes. 

Calculations wll be shortened by the use of the Table of Taclors (p. 521). 
The sjTnbol of the clement (A) which is being dctcrminc<l will be found 
in the first column of this table. The formula of the compound (B) which 
has been prccipitatc<l and weighed is given in the second column. In the 
third is set out the ratio of the formula weights of A and B. In the fourth 
will be found the percentage of A and B, and in the fifth the logarithm 
of this percentage is given. 

The first of the following determinations illustnitcs an entfj* suitable 
for a student’s note-book : 


Determination of the Percentage of Copper in a Salt by the 
Thiocj’anatc Method 

The infonnalion was given that the s.alt containetl about 00 per cent, 
of copper and that those elements which interfered, namely, silver, lend, 
incrcurj*, and all oxidising agents, were absent. 

2CuA, + SO, + 11,0 + 2KCNS 

^ Cu,(CNS), + 2ICA -f 2IU -f 11,50,. 

It is evident that 03 0 grm. of copper yield 121 ‘C grm. of preclpllnte. 
To obtain 0-8 grm. of precipitate (a suitable quantity), about 0-1 gnn. of 
copper and, therefore, about 1*2 grm. of salt are nee<led. To obtain 
0-8 grm. of precipitate about 0-0 grm. of KCNS is rcquirc<l. 

v\bout 1*2 grm. of the given salt was weighed out, using a weighing- 
Iwttle, and dissolved in a 400-m1. bc-akcr in 200 ml. of water to uhich 
2 ml. of dilute sulphuric acid liad been nddc<l. Sulphur dioxide from a 
syphon was passed into the cold solution until the latter was saturated 
with the gas. Saliimtion was rcachcsl when a snmll bubble of the gas did 
not change in sire on its way up through the liquid. About 0-7 grm. of 
KCNS was weighc<l out and dKsoIvcd in svnler. This solution was added 
to the copjK.T holuUon slowly and with constant stirring. A green precipitate 
of cupric thioc>^l^Iltc was first fonnrsi, but this soon l)ccanie hiilT-coIourc<l, 
ahnost white. The precipitate was nlloueil In ii.ettle anil a few drops of 
KCNS solution were nddcil to the clear liquid. There was no furtlier 
prccijulatc. 

Care was taken to use only slightly more than the nquind qiinntity of 
KCN.S, lK“cnusc Cu,(CNS), N soluble In n solution of that salt. 

The l>caker was covcrctl with a clock-glass and left overnight in n cup- 
Ivoard ; the i>rccipitnte is sHglitly dccomposeil by light. Next moniing 
the solution was again salumtetl with SO,, the precipitate was nllowctl to 
settle, and the liquid was then decanted through a weighesl sintercfl gl.iss 
enicible. The preeiititate was tmnsfcrresl to the enieihle, and wnshetl 
with colil water until the nmningx no longer gase u ml colour with ferric 
rlilnride. Tlir final wash-liquor was 20 i>er rent, nlcoliol. The crurihle 
w-ii«i. drirtl at 115* in an nir>o\<n to constant ss eight. 
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Results 

Weight of bottle and copper salt (1) = 7*4318 grm. 
Weight of bottle and salt (2) •" = 6*2517 „ 


Weight of salt taJccn = 3 *1772 „ 


Weight of crucible = 7*C421 „ 

Weight of crucible and precipitate. 

(Dried 1 hour) = 8*2108 „ 
(Dried 14 hours) — 8*2106 

Weight of precipitate » 0*5775 „ 


Now 121*65 grm. of Cu,(CNS)j contain 63*57 grm. of copper. 


0*5775 grm. of CUj(CNS)j contains 


63*57 X 0*5775 


■ grm. of copper. 


. T , ^ .. * <53*57 X 0*5775 

.. In 1*1771 grm. of salt is grm. of copper. 


.*. In 100 grm. of salt are 


121*65 
63*57 X 0*5775 X 100 
121*65 X 1-1771 


25 04 grm. of copper. 

(The salt supplied was pure copper sulphate, CuS04,5H20, and contained 
23*45 per cent, of copper. Rcstilt was passed, but experimental errors 
should have tended to make it low, rather than liigh.) 


Note 2. Wlien antimony, tin or other salts Tvhich easily undergo hydrolysis 
are present, these may often be kept in solution by the addition of 3 grm. of 
tartaric acid dissolved jii 30 ml, of water. The total volume of the solution should 
then be approximately 200 ml.' 

Note 3. The precipitate may be dealt with volumetrically (sec p. 181). 

Nole 4. Tlic best method for copper, the electrolytic method, is described 
on p. 228. Other methods, which arc suitable for small quantities, are given on 
pp. 240 and 289, 

Determination of Nickel in its Soluble Compounds 
The Nickel is precipitated by Dixnetbylglyoxizne. 

■\\licn a neutral, or nearly neutral, solution of a nickel salt is treated 
with dimethylglyoxime, a red, crystalline, co*ordinated compound, 
Ni(C4H7Nj02)2, is precipitated. 

NiClj + 2CHj*CNOHCNOH'CH3-^Ni(C4H,N202)j + 2IIC1. 

Weigh out accurately about 0*4 grm. of pure nickel ammonium sulphate, 
NiSO4.(NH4)2SO4,0HjO, into .1 500*-ml. beaker .and dissolve it in 200 ml. 
of water. Add a few drops of ammonia until tJic liquid (not the sides of 
the beaker) smells of ammonia. Heat to 70° C. and add carefully, with 
stirring. 60 ml. of a 1 per cent, solution of dimethylglyoxime in aleiihol. 
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l.cl till* hcakcr stand in a warn) place for an hour. Make sure that 
att excess of <litncthylglyo\imc has been and aKo that the acid has 

not lH.‘en produced in hiifhcicnt quantity in tlic reaction to make the 
solution acid. If nccessurj', add a few additional drops of ammonia. 

rdlcr through a prepared Goocli, alundum, or sinterwl glass crucible. 
Wash with hot water. Dry at llO® to 120“ C. 

i^'vte. Nickel m a ptirc, or almost pure, state is prctipitalcd by 
dinicthylglyoximc from utnmontacnl solutions of copjier, cobalt, zinc, and 
manganese, provided idm»j-s that the concentmtion of the copper or cobalt is 
less thati tlmt of the nickel. It can also be prccipiluted from solutions 
eontniniiig iron and alutmtiiiim, 3 iro\ndcd enough tartaric acid is present to 
keep these metals m solution ^^hcn amnionu is added, and provided all the 
iron is in the ferric state. 

The glyoximc preeijutate d<K*s not form proj«rly in acid solution or in 
strongly nimnoniaad solution. It is somcwiuit voluble in alcohol, and in no 
ease shmdd more than one-third of the liquid from which the nickel is being 
prccipilntctl be alcohol ; but a considerable excess of the glyoximc over that 
required theoretically for the precipitalion of tlic nickel should be used. 

'riic precipitate readily sublimes unchanged at 2."t0*C. If necessary’, it can 
be ignited nipidly and the nickel weighed as NiO. 

In the presence of eonsUlcniblc quantities of zme, manganese, or cobalt, 
nickel Is best preeipitulcd in neebate solution ns follows 5 The solution should 



The cleetrnljtic ifcterminationof nickel h dcscnticd on p. 231, and the salicjl- 
aldosimc mctliod on p. S80. 


Determination of Cobalt in Solution by a>Nitroso*j3-Naphthol 
tteoSfiil. Dilute jiiirc acetic acid to twice its volume and then dissolve in it 
enough auiitrosu-^-iiaphtliol to give a 2 per cent, solution. Heal is nccessnrj*. 
The volution must lie frcshlj made. 

Procedure. To a solution of the chloride or su1|)hatc containing 5 ml, of 
(sinicntnitcd liyilnKlilnric acid and not more than 0-1 gnu. of cobalt in 
200 ml., at bO'C., luhl, with continual stirring, 10 ml. of reagent for everj- 
0 01 grill, of euhalt juilgctl to be present. Coiitimic the heating and stirring for 
ten minutes. Allow to settle, and Icvl for comidete prct'ipitation with more 
reagent. Allow to hlatid for two hours, cidlcct m a hltcr-jKijicr, diy and ignite in 
a Hose's crucible (p. -IS) at a temjicniturc of approximately 1,000' C. 

TIkii either «iiiijilctc the ignition at 1 , 000 '' C. in a stream of oxygen, cool 
in oxvgen and weigh as or i».iss pure, drj* hjxlnigcn into the crucible 

at a iltill risl heat for llflcen iniimtes, so rwliiting to metal, cool in hvilrogcn 
and weigh. In either ea»c lh< trcalmcnl must lie ni>cntcd to wmstnnl’wciglit. 
The kcisunl metlaMl is ad\ istd. lKTaii>c the ** C«*0| ” is often a complex mixture 
of oxidt's. 

• Altcnialiscly the pres i])il.atc may lie collcctci! in a Gooth crticiblc, 
tninsfemsl to an onhn.iry crueible nod iguitis) at a high tcmpcmturc. The 
oxides arc llun «lissol\isl in hvdnxhlnric arid and the cobalt Is determined 
elcctrnljticjilly (p. 231). lii any rase It Is of little live to weigh the original 
prcelpitntc after drying It nl n low teiiqicraturc lieeansc the colialt salt, 
i(’i,Il» 0 {N 0 ))iro, nearly always rarrirs tliiwii with it a ixinsiilcnible quantity 
of the prtxijiilniit. • 

Copper mill initi are qinntitntivrly prcsxpitatol by this metlwKl. Thev 
must either lie minnisl lirst. or drirniiiimt in the mixture of Igniltsl oxides oV 
mlawl inet.sl. If twice ns much niekr] ns rs>l>.dt is present, tli»* Ignited 
precipitate vliould l>e dissolvcsl In tmlmeldoric ueid and the eoliali reprsxipUatcil. 
rb, Hg, Cd, .\s,ib, .\1, Mn, Ca, or ^fgdo not interftre. 
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Tlic a*rutro-/S-napljthoI reagent provides a sensitive test for cobalt. One 
<lrop of the neutral or slightly aeia solution suspected of containing cobalt is 
dropped on to a fllter*paper and covered by a drop of the reagent. A brown spot 
indicates cobalt. Sensitivity 1 :1,000»000. Cu, Fe and relatively large pro- 
portions of Ni interfere. 

Determination of Iron in its Soluble Compounds 

The Iron is precipitated as Ferric Hydroxide ; this is ignited and weighed 
as Ferric Oxide, Fe^Os. 

Weigh accurately about 0*5 grm. of ferrous ammonium sulphate, 
FeS 04 .(NH 4 ) 2 S 04 ,GHi 0 , into a SOO-ml. beaker. Dissolve the salt in 
about 200 ml. of distilled water containing a few millilitres of dilute 
hydrochloric acid. Heat this solution, neutralise it with ammonia, and 
add 5 ml. of concentrated ammonia in excess. This procedure is necessary 
to prevent the formation of basic salts. Now add a solution of hydrogen 
peroxide in excess, and boil carefully for ten minutes to complete the 
oxidation and to granulate the precipitate. The solution of hydrogen 
peroxide used must he free from organic compounds. 

Wash the precipitate twice by decantation with hot water, and collect- 
it on a filter-paper. Continue the washing with hot water until the 
filtrate gives no precipitate with BaCl, solution. Dry the precipitate in a 
steam-oven, and then transfer it to a crucible. Ignite with the paper at 
a bright red heat over a Bunsen flame to constant weight, and weigh as 
FcjOj, As the burnt coal gas must not be allowed to react -with the 
precipitate, the crucible must either be heated at an angle or inserted In a 
hole in an asbestos sheet. 

It is usually mudi more convenient to determine iron by one of the many 
available volumetric methods (pp. 165, 170, 187). 

Determination of Aliuninium in Solution 

The Aluminium is precipitated by Ammonium Hydroxide as Aluminium 
Hydroxide : this is converted into Oxide, AI2O3, by ignition, and is weighed 
as such. 

Weigh out accurately about 0-0 grm. of pure recrystallised potassium 
alum, ■KjS 0«.A1,(S04)„24H20, into a SOO-ml. beaker. Dissolve the 
salt in 100 ml. of water, add 25 ml. of a 10 per cent, solution of ammonium 
chloride, a few millilitres of dilute hydrochloric acid and a few drops of 
methyl red as indicator. Heat to boiling, and then add ammonium 
hydroxide slowly until the solution is distinctly yellow. Boil for two 
minutes and add ammonia drop by drop, with constant stirring, until the 
solution just smells of ammonia. 

Wash the precipitate by decantation with a hot, 2 per cent, solution 
of ammonium nitrate, and transfer It to a filter-paper. Continue tlie 
washing of the precipitate on the paper with the hot ammonium nitrate 
solution until the filtrate is free from sulphate. Ignite the precipitate 
and paper wet in a platinum crucible, being careful to heat the crucible 
slowly at first and from the top. Finally, expose it to a white heat over 
the blowpipe flame. The crucible must be kept covered as much os possible 
because, on heating, the oxide may reciystallise and jump about in the 
vessel. Repeat the ignition until the weight becomes constant. 
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Frcshly-igiiitcO iiluiiiina is extremely Iiyurobcopif. U is therefore home- 
what (lilTictilt t«i ^\eiKh, nijfl weighinji sliniild l)c carried oiit as nipiilly as 
possible. 

.Votf, If the Jij«lrosi(le is not precipitated blo^ly, it may come do^^n in Mich 
a form tliat it Is almost imimssible to eollccl and wash it. A sohible form of 
ahimiiiiitm iijdmxide exists, and there Is olwaj-s a tendency for the precipitate 
to ch.ingc oscr to this solttblc form. Tliis 5s {o some extent presented Iiy the 
presence of ammonium nitrate in the washing water. Complete precipitation 
can only be obtained in the llrsl ]>lncc in the presenre of hirpc quantities of 
ammonium salts. If a precipitate Is ver\' pchstlnoas and will not Idtcr pro|)erIy, 
rei>cat the determination or use the method gi\cn liclow. 

Determination of Aluminium with 8*Hydroxyquinolinc (Oxine) 

S-IIydrcixycpiinoline, C,lI.ON, forms insoluble co-ordinated com- 
IKuinds with certain metals, notably with magnesium, zinc nnd 
aliimiiiiuin. These compounds are cbaractcriscd by their definite 
constitution nnd crystalline nature. They arc therefore cximpanitiscly 
easy to handle. 

The solution should he slightly acid with n niincml acid nnd should 
not contain more than 0 U2 gnn. of nluminiuni per 100 ml. The 
8diydroxy(|uinoUne should he dissolved In 2N. acetic neid to make n 2 per 
cent, solution. 

Ilcnt the nlutniiiium solution to CO’C. nnd ndd n 20 jicr cent, cncc.ss 
of the reagent. Add, with constant stirring, n solution containing 270 gnu. 
of hydniteil sodium acetate {icr litre until a }>cnnancnt precipitate forms, 
and then 2.j ml. more. After the precipitate has settled, collect it In a 
(Jooch cnicihle, wash with cold water, dr>’ at 100® C. and weigh ns 
AI(C,II,ON)j. The precipitate can also lie nnalvscd solumctricallv 

(p.ni). 

Determinatioa ot AUiminiam os Phosphate. To iletcrminc viinll quantUles of 
alumitiUim, rsi>r<ially in the presence of irun, it is better to prvtipitatc ns .MPO,, 
w liich cnnlnins u htnallcr itereentagc of nliiininitim tbnii docs the oxide. 

To the iinirly nciitr:il holutioii nitlicr more t1i.ui a ten-fold excess of 
(Nn«)tlli’0« erssinis is added. If n precipitate forms it is just cleareil with 
dilute IIC'I, nmi till' solution is dilutcit to ino ml. Then 10 gnu. of siMliuni 
tiiinsulplmtc in sahition and 20 ml. of iiectic ncid are adiietl. The solution 
IS i>oile<l for at least half an liour. The reniosal of the iiimcml acid lakes place, 
and the nliimiiiiiim phosjiliate is pneipitniesl. The in>n is reiliiecd to (tie 
ferrous Ktntr, and is not i'm’i[iilat<sl. 

.\h the alnmiiiiuin pliosphiite is Koinewliat iiidi terminate in cnm|)Ositiun. 
the results gUrii hy tills nietlio*! nrr not aeciinite. llowcier, as only gninlt 
i|uuntities of iiluininitim are liettig detrmiiued, (he rm>rH are prohahly smaller 
(linn ihmr inherent In other piSKTssrs. 

Determination of SO, in a Soluble Sulphate 

Ttic S0| is precipitated as EaSO^. and b weighed as such. 

\Viigh out nlxmt (1.7 grin, tif pun* reerx-stalli'cil Cu‘'()4,.7ll,0 Into n 
iMKl-ml. Iteiikrr.. Dissohe this in nlMiut 1100 ml. of distillisl s\-nter 
ciintnining I ml. of coiuxntnitrd IlCl.iind iimt the solution to lioiliiig. 

To the Niiliug CuSO, sohilhui odd n slight excess of a hot 11 per cent. 
IliCI, solution. Stir the liquid nnd do not ndd the precipitant nt ii faster 
rate than 1 ml. jK-r minute, hi onlrr In prexent the chlnrMe fnun liring 
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carried down with tlie sulpliatc. Alloir the beaker to stand on a water- 
bath for Iialf an hour. ,When the precipitate has settled, add a few drops 
of BaCij solution to the clear liquid to make sure that an excess has been 
added. Pour off the supernatant liquid through a filter, taking care not 
to disturb the precipitate. Wash the precipitate twice by decantation 
with boiling water. Finally, transfer it to the filter, and continue the 
— ivashing ivith boiling water until the last few' drops of the washing ^vater 
giventrturbidity with AgNOj solution. 

Dp" the’lil£ci'*with the precipitate in a steam-oven. Detach the 
precipitate from tlWpaper and transfer it to a crucible, preferably of 
platinum. Bum the paper in a platinum coil (p. 52) and put the ash into 
the crucible, as far as possible from the precipitate. Ignite the precipitate 
and the filter-ash together for about fifteen minutes at a dull red lieat 
and allow the crucible to cool. 

Any BaSOj which is left adhering to the filter-paper may be reduced 
to BaS when the paper burns. If BaS is produced in any appreciable 
quantity, the weight of the precipitate will be too low. The BaS in the 
filter-ash should therefore be converted into BaS 04 as follows : 

The filter-ash, which lias been placed in a separate part of the crucible, 
is moistened Avith 2 drops of dilute HCI, and a drop of dilute HjSO* is 
added. The contents of the crucible are' then heated verj' gently on a 
sand'bath until the liquid has been empomted, great care being taken 
to avoid loss by spirting. The crucible and its contents are finally ignited 
nt a dull-red heat and are weighed after they have been alloAved to cool. 

Note 1. When nitrates or chlorates are present, barium nitrate or chlorate 
is formed and this is carried doAvn with tbe precipitate of barium sulphate. 
Since these salts cannot be removed completely from the BaSOt by washing, 
the nitric or chloric acid must be removed by evapomtion with HCI before the 
sulpt^te is precipitated by BaClt. ^ 

Certain metals, especially trivalcot metals, also tend to be precipitated with 
the BaSOj, and they should be removed by suitable prccipitants before the 

be purified in the follmnng way firom ♦!.» 

precipitate in the crucible Avith a feA»' ■. ■ . ' 

dilute hydrochionc acid, Avarm gently a- ' ■ ' . ' 

filter. Repeat this operation several . ^ ’ 

filter, adding the filter-ash to the precipitate, and ignite and AA'eigh again. 

Note 3. Certain authorities recommend a Gooch or alundum crucible for the 
collection of the BaS 04 . For this onalj'sis, IiowcA’cr, the method described 
above is probably still the best. 

If a Gooch crucible is. used, the sulphate fa precipitated as before and fa 
collected in the crucible. The precipitate fa AvashecI Avitli hot Arater and nmy 
be dried in an air-oven at ISO^C. or oA'er. As such a process tends to give 
» • » • • j .-t-., * 1 ... Gooch crucible on 

. ■ ■ ■ ■ . ■ • . • • . , el crucible is then 

■ ■ : . ■ ■ . • . 1^ . jctter, in a muffle, 

■ ■ . ' ■ r I ■ . ■ < • ' .he Gooch crucible 

I ' . ■ • . . ... ■ ■ ■ ■ ■ fiat they are of a 

grade fine enough to retain the predpitate. 

Determination of SO 4 la an Insoluble Sulphate 

If the Sulphate is Insoluble in Water and in Acids it roust be decomposed by 
fusion Arith alkali carbonates as follOAVS : 


SULPHATE, BARIUM 
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NVdgJi out accumtcly nlwut 0-J gnn. of pure, fincIy-i>o«dcrctI anhydrous 
CaSO|, or pjTKum (CaS 04 , 2 lI|O), or plaster of Paris (‘JCoSOi.IIiO), into a 
platinum crucible, nnd add to It a^tit 8 urm. of flncly-powderwl fusion mKture, 
made by mixing together cqu.il i\ciglit5 of sodium ond potassium carboimtcs. 

•• • - *• - -jlass rod roundeil 

■ n flame, tlic size 

Keep in gentle 


Cool the crucible by taking it out of tlie flame and swinging it round in small 
circles in such a way that the melt mounts up the sides. If this is done with 
skill the surface of the froreri 8.alls h then U-sliajicd instead of plane. When 


m.ass can !« rcaililydclachcsl from lU interior by n glass nxl. The water may be 
hcateil if neccssaiy, 

Ilemovc the eniclble from the water by a clean pair of tongs, and oirefully 
rinse It out into the solution with disttllcsl water. Crush any solid (larticics 
which remain, filter the liquid, nnd wash the undissolveti CaCO, on the filter 
with boiling water, until tlic washing xratcr is nrutnil. Mix the fdtmte with 
the washings, add 2 drops of mcf|i\l onuige nnd run in dilute IlCl, guarding 
against loss by cfTcrscscencc, until tlic solulton turns pink. Then add a further 
f ml. of conccntralc<l lICl for escry 3(K) ml. of solution, and precipitate the 
sulphate ns llnS 04 from the ncldificsl solution, ns is direct e<i almvc. 

DetersUoatioo of Oarium in lu Soluble and Insoluble Compounds 
'The Barium la precipitated from solotios as Barium Sulphate, and is vreighed 
as such. 

This nnal>"sis is the converve of the ilctcrmlnation of sulphates. It can 
l>c cnrrie»l out In exactly the same svny, using 0-i grni. of pure, recrystallLsctl 
barium chloride (lkiC]|, 211,0) in the cNcrcise. An excess of dilute sulphuric 


Barium Compounds, which are Iiuoluble in Add, arc first fiiscil with alkali 
csirlwinatcs. The Iranuin cnrl>onatc rcshliic, which Is left on the filler when the 
fuscfl mass has l»ccn treated with sinter. Is sni«lied and transferred to n licakcr. 

‘ ■ ■ Lss ro*!, and • 

to dissolve 

■ ■ • The filter Is 

■ ■ ' • im Is finally 


Determination of Strontium 

The Strontium is predpitatrd from solution as Strontium Sulphate, and is weighed 
os such. 

Weigh nut ncrumtely nlwul 0 5 grni. ofinirc prrdpilatrd ulroiitimn mrbonafe. 
Into 0 roiTml SOO-ml. I*mker. IlUsohe the mrl»on.atc in a little ddutc 
IICI, nml add nlxitit 50 ml. of distilled water. Adtl ihliile sulphuric add in 
e\cr>«% tit this »( ' *' ■ ■ • » - , • • , . . , . , . ... 

In tire Itrakrr, I ■ 

twfhehotir*; , 

the wavliiiigi g ■ . 

|rtire ntfiilHit. , 

«!r,critirt| iindf r tlir tgiili|->n of niM> 4 . 
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SIMPLE ORA VIMETRIC DETERMINATIONS . 


Determination of Sulphur in Sulphides 
The Sulphide is converted hy a Suitable Oxidising Agent into Sulphate, 
and the Sulphate is precipitated and weighed as Sarium Sulphate. 

The choice of oxidising agent depends on the nature of the sulphide to 
be oxidised. Four methods are described below. The first is specially 
applicahle to soluble'sulphides, but the other three ore used for insoluble 
sulphides. 

Oxidation by Bromine. Weigh out accurately about 0.5 gnn. of the 
finely-ground sulphide (see p. 254) into a 400-ml. beaker, and odd 10 ml. 
of a mixture containing 2 parts of bromine and 3 parts of carbon tetra- 
chloride by volume. Both these reagents must -be free from sulphur. 
Allow the covered beaker and its contents to remain at room temperature 
for fifteen minutes, but with occasional shaking. Add 10 ml. of con- 
centrated HNOg and again shake the mixture occasionally during a 
further fifteen minutes. Then heat slowly and at a comparatively low 
temperature until the action is apparently over. IVlien most of the 
brominehas disappeared, remove thecover and evaporate to diyness. Add 
10 ml. of concentrated HCl and again evaporate to diyness to remove all 
nitric acid. Bake on a hot plate at a comparatively low temperature 
to dehj’drate any silica. This temperature must be kept low, because 
there may be bisulphates present which are easily decomposed with 
loss of SO,. Then treat tlie residue with 1 ml. of HCl and 100 ml. of hot 
water, and heat until all the sulphate is in solution. Filter into a 400-ml. 
beaker, w.'ishmg twice with cold water and twice with hot. In the absence 
of a large quantity of Iron, the sulphate, after the addition of enough HCl, 
can now be precipitated ns BaSO,. 

—••-••‘•.itwjii Interfere and must be removed. 

' ' • • ich nmmonia to the silica-free filtrate. 

■ _ ■ • ith stirring, to prewnt the formation 

' ' ' ' the beaker are kept near 70® C. for 

"** ' * '•* 'I ■■■ 7* the iron precipitate 

■ ■ • ■ -I’.' •• The two filtrates 

. ' ■ ■ 1*. , . I* is added, and the 

usual precipitation with BnCI, is carri^ out. 

During the-'- — — **— 1 . — i *- i-.. 

.^\s BaSO* is . ’ ■ ' 

in solutions < . • ...... 

of the filtrat . _ , 

Oxidation by Potassium Nitrate. Weigh accurately about 0.5 grm. of 
verj’ finely-powdered sulphide, and mix it in a large nickel crucible with 
ten times its weight of anhydrous sodium carbonate and twice its weight 
of fincIy-powdercd potassium nitrate. Cover the mixture with a tliin 
layer of sodium carbonate. Heat the cniciblc, very gently at first, 
until the contents arc molten, iveep them molten for fifteen 
minutes. Cool, while swinging the crucible (p. 67), but do not plunge It 
info water. When cold, dissolve the melt in crater, filter into a large 
porcirl^iin dish, and boil the residue with dilute Na^CO, solution which must 
be freV from sulphate. Filter again, and wash the residue untjl the washings 
arc mP longer alk.aline. Add them to the first filtrate, neutralise vith 
irc/, Asking care not to lose liquid by efTcrvesccnce, and e\’aporutc to 
drj'jipsA, To remove all nitric acid, add 10 ml. of concentrated IICl, and 


suLPiiun 


GO 


iigiiin c-\aiK)n»tc to ilryiifss. Ubsolvc the residiif in y{H» nil. of water 
contnininj,' -i ml. of conccntmtcd IICI, Alter to rt“ino\e snioji if neccsvirj', 
and precipitate the fiulphnr ns BnS 04 (p. 05). 

I^ote. As coal jras contains sulphur, the contents of the cniciblc may take 
up suli)liur from this source. If n mulllc fiitnaec is not n\ailali]c, the simplest 
method of ovcrcomiiijT thi^ dilhculty is to phace the cnieiblc in a hole In a soft 
fhccl of aslxsitos. The asl>cstos then nets n* a shield. 

Oxidatioa by Nitric Add. Ueljth out accurately about 0-3 crm. of verj* tincly* 
I>oi«(lcrrtl sulpliidc Into a HOO-m). Aask. Introduce a sm.all funnel into the neck 
of the llask to prevent loss hy spirtiii}* during dl^sohilion, and carefully i>our 
o\er the posulcr 10 ml. of n mixture of u parts of coneentmted IlNOg and 1 part 
of Concentrated IlCi. When the potierful action of the add lias somenhat 
abated, heat the Ilask on a uTiter^bath until the sulphur, uhich maysepanitc nt 
finit, has dissolvcil. If llic sulphur persists, it may be oxId>%ed hy the addition 
of a few mUlilitrrs of bromine water or of a small crj'stal or two of pot.assium 
chlomtc. 

Then airtfully tmiisfcr the liquid to a porcelain dish, add a little sixlium 
chloride to convert the free sulphuric acid Into non-volatile soiliiim sulpliatc, 
and evaiKiratc the liquid to drj'ness on the water-bath. 

To ensure that all nitric acid lias teen removed, add 1 ml. of conc-cnlmtcd 
hydrochloric acid and 100 ml. of w-ntcr. Make sure tlmt all solid salts arc welted 
with this mixture, and again evnponite to dr^aiess. If nccfssarj’, remove the 
blUca and Iron as directcsl under ** Ovld.ilioii hy Bromine ” and then precipitate 
us BaSO,. 

The Solphido Is coaverted into Ferrous Solpbide and the Sulphur oxidised 
to Sulphuric Acid ly Hydrogen Peroxide. 

Weight out accurately about 0-5 gnu. of the sulphide and tni-v it in 
u small hanl'glass test-tube with a grm. of iron powder which has 
previously been hcnte<l in hydrogen, for instance In a Hove crucible (p. -IS). 
Cover the mixture w ith a layer of iron powder. Now* displace nil nlr from 
the tube by a stream of pure, drj* cirbon dioxide. Ilc-nt the lulie carefully, 
maintaining a slow* stream of gas nl a dull red heat for ten mlnues. Cool 
in an atmosphere of carbon dioxide. If this experiment is carried out 
carefully, the sulphides are rcmlcrcd soluble in acids. Iron pyrites is also 
converted qunnlitatlvely into fcrnnis sulphide. 



Trati«>frr the tulic and its cmitcnts to n fl.avk (Fig. 00), which is 
connected up with two U-tiiUs, mcli p.irlly lUIctl with a solutinn 
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SIMPLE aRAVIMETRIC BETERMINATIOES 


contauiing equal volumes of ** SO-voliunc hydrogen peroxide and of 
dilate nnirnonisi fcohttion. Pass a stream of liydrogen through the 
apparatus, by way of the dropping-funnel, to displace air. The hydrogen 
must first have been freed from sulphur by passing it through cither a 
solution of AgNOj, or a solution of l«id in sodium hydroxide. 

Now add •crater to the flask until the tube is filled. Then slowly run in 
concentrated hydrochloric acid, "Warm the flask to complete the reaction, 
TO>en the action appears to be over, gently boil and pass a slow stream 
of hydrogen for fifteen minutes. 

The sulphide is decomposed by the acid, and the hydrogen sulphide 
produced is carried over to the tubes containing the hydrogen'peroxide, 
where it is partially oxidised. 

Now wash out the contents of the two U-tubes into a beaker, and heat 
slowly to boiling to complete the oxidation of the sulphur to sulphueic 
acid and to decompose the excess of liydrogen peroxide. Precipitate the 
sulphuric acid as barium sulphate (p, 65). 

If the original sulphide was soluble in dilute acid, it can be put directly 
into the reaction flask, the preliminary lieating with powdered iron being 
omitted. 

Instead of collecting the sulphuretted hydrogen in hydrogen peroxide, it 
can be collected in cadmium sulphate solution nnd determined volu- 
metrically (p. 1C8). 

Determination of SO, In a Sulphite or Thiosulphate 

The Solphite or Thiosulphate is converted into Sulphate by (he addition of 
Bromine Water, and is determined os B&rium Sulphate, BaS0(. 

tVeigh out accurately about 0*S grm. of crystallised sodium sulphite, 
NaiSOj.THjO, into a 500-ml. beaker. Dissolve the salt in yjater, and odd 


BaSO«, all liydrogen peroxide must be destroyed by boiling. 

Volumetric Processes, which are much mote convenient and rapid tlum the 
gravimetric processes for the determination of sulphites and thiosulphates, arc 
^ven on pp. 109 and 182. 

Determination of Calcium in its Soluble Compounds 
The Calcium is precipitated trom the solution of the calcium salt as 
Calcium Oxalate, which is converted either into Carbonate or into Oade, 
or is weighed as CaCt 04 ,Hx 0 (see also p. ISB). 

Weigh ^ut accurately into a 500-ml. beaker about 0'5 grm. of 
precipitateu calcium carbonate, or of Iceland spar. Pour in some water, 
nnd gradually add dilute hydrochloric acid in quantity sumdent to dissolve 
the carbonate, guarding against toss by eflervescencc. Dilute this solution 
with water dntU its volume is about 100 mb. 

Heat the iSjuid nearly to bofling. Then add a slight excess of a solution 
of ammoniuji^ hydroxide, boil and finally add a boiling solution of 


CALC1V3I 
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ammonium oxnlale slowly, in moderate excess. Allow the liquid to 
stand until the precipitate has Rcttlcd, preferably ovemipht. Tlicn pour 
off the liquid throiiph n filter, taking care not to disturb the precipitate. 
Wash the precipitate in the lieakcr two or three times by decantation 
\sith hot water in which n small qunntitj* of ammonium oxalate 1ms been 
dissolved, rinally transfer the precipitate to n filter-paper by means of 
n glass hmI tippc<l witli niblicr tubing, and using a wash-lmltlc with a 
fine jet. AVnsb the precipitate on the filler with n verj' dilute, hot 
solution of ammonium oxalate, until the last few' drops of the washing 
water, after licing acidified with IINOj, no longer react with silver nitrate 
solution. Then drj* in the steam-oven. 

Conversion o! the Calcinm Oxalate into Carbonate. The precipitate is 
transferred, ns completely ns possible, to a platinum crucible. The filter- 
paper is burnt in a platinum-wire spiral (p, 52) and the ash is allowed to 
drop Into the crucible. The crucible is then eovercil with a lid and is 
lieatcil vcr>’ gently at first ; it Is finally healed for olwiit twenty minutes ' 
to a temperature sufficient to cause the bottom of the crucible to appear 
faintly red wlicn it is shaded from direct light. 

Cn C,0« * CnCO, -f CO. 

The crucible Is weighed, after it has l>ccn allowed to cool in n desiccator. 

After tlic cnicilile has licen wcighetl the precipitate should 1)C moistened 
with ammonium carlKinnte solution, which is then removal on a water- 
hntli. The contents of the cmcihlc arc then hcnteil cautiously to a low 
red heal until no more ammonium carlmnate fumes arc evolved. The 
nimnonfum carlKuiatc reagent sliould volatilise without solid Tcsiduc when 
it Is heated alone. These opcnitlons must be repented until the weiglit 
no longer Increases, so that any oxide formetl during the original Ignition 
will Ik: convcrtcil back to earlmnatc. 

Altornatlvcly, the cnicilile is co\Trc<! by a Hose’s lid and a slow stream 
of pure CO, is led over tlic earlionatc. If this is done, a liighcr ignition 
Icmpcmturc is jicrmissililc. 

Conversion ol the Cnldani Carbonate into Oxide. If the ucicht nf the raleium 
rarlxiiiatc olitniiicd from the oxalate does not exceeil 1 Rmi., the nlwsc result 
may Ik- checUisl by weighing the ealeiiim ns oxide. Itidectl, if the original 
precipitate is sin.'ill, the oxalate may svilli advantage be coaserteil directly into 
oxhle, nnd l>c weig1ie«l ns oxide Instead of as enrltonnte. 

In nnler to convert tlie ealcium carlmnatc Into oxide, the cmcihlc arid its 
contents are lteatr<l at liriglil rtsincss for fifteen muuitcs ; they ore llien nlloweil 
to r«v)l. nnd an* weigfieil. 'Flie cnicibte is once more lienletl for five minutes in 
the Mtne way, nnd is ssrigheil again. These operations must be repciitcil so 
long ns tlic cnuHhlc nn<l Us contents lose weight. Hcmcmtier llial CnO is 
h) gro^ctipje. 

WeUhlcK as Calciam Oxalate. A quicker, though less satisfactory, meilioti 
for the dctennlnation of ndrium is to collect tlic iirreipitaleil oxnl.itc In a (Jor>ch 
cnieihle. In this ensr, tlic jirrcipilntlnn nnd siaslilng are earric*! oiit ex.sctlv ns 
licfiirr, exrrpt tlwl the precipitate Is fimilly wa^hcsl twice with purr, hot water. 
Ttie rrucitilo is rlrint at loo’to 105*0. The comiKwillon of tiie precinilnte 
approxlnuste^ to 0a0,0,.ll,0. 

•Vote. If the oilciom Is to Ik* wriglirsi ns enrlKuntr or ns ox.slate, the ox.alatr 
inav 1«C isillretfsl in an ahindum mieihlc ; Ihb inxdvbablc If the ciulKmatc Is 
to Ik: convertcsl to oxide. 
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All other metals, except the alkali-metals and magnesium, are predpitated 


titrate with a weak solution of ammonia, usii^ methyl orange as indicator, until 
a distinct yellow coloration results. 

If the concentration of magnesium is much higher tlian that of the calcium, 
some magnesium will be precipitated, despite these precautions. In this case 
the oxalate should be dissolved in dilute HCl and reprecipitated. 

Determination of Ct 04 In a Soluble Oxalate 
The Oxalate is precipitated as Calclom Oxalate, either in seutral solation or 
a aoIuHon containing acetic acid. The Calcinm Oxalate is then ignited and 
weighed either as Carbonate or as Oxide. 


calcium, or collect it in a Gooch crucible, dry it at 100“ to 105“ C. and weigh it 
as CaC, 04 ,H* 0 . 

A Volnmetric Method for determining oxalate is given on p. 157. 

Determination of Chlorine in a Soluble Chloride 
The Chlorine is precipitated as Stlrer Chloride 

"Weigh out nccumtely about 0-3 gnn. of pure sodium chloride, and 
dissolve this in about 100 ml. of cold water in a 500-ml. beaker. Add to 
the cold solution a few* millititrcs of dilute nitric acid, and then a slight 
excess of hot 2 per cent, silver nitrate solution. Shield the precipitate 
from daylight as much as possible during the whole of the procedure, since 
AgCl darkens in the light and suffers slight decomposition and loss of 
weight during this change. Heat the liquid in the beaker for some time, 
and finally boil it to flocculate the small particles of AgCJ. 

Wash the precipitate in the beaker three times by decantation mth 
hot water containing a few millilitres of nitric acid ; then collect it in a 
filter-crucible, continue the crashing with water acidified with HXOj 
and then with hot ^vater only. The washing may be considered to be 
finished when the addition of a drop of hydrochloric ncld to the last few 
drops of the washing water produces only a very faint turbidity. To 
hasten drying, wash once with alcohol before disconnecting from the 
pimip. Dry*, first in the steam-oven, and then at 130® C., to constant 
weight. 

A'ote. IIea\'j’ metals present in the solution may form basic cliJorides and 
should therefore be removed by precipitation with a suitable reagent. The silver 
chloride is very liable to adsorb other salts, particularly silver nitrate, which 
may be present in solution. It is therefore Important to use only a small excess 
oftheAgNOj. 

The recovery* of silver from these precipitates is described on p. IDS. 

Determination of Bromine and Iodine in Soluble Bromides and Iodides 

The procedure for the determination of these elements is exactly the same as 
tluit forichlorine. Sodium bromide or potassium iodide is a suitable salt for 
trying oqt the method. 


.a -a 
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Volumetric Processes for the dctermlnstion of the halogeus arc de<icnl>cj on 
p. 104, 


Determination of ChlorWcs and Iodides \shcn Present Together 
The total halogens arc clcterminnl tis silver halides, ami then the iodine Is 
reniovctl nitli a fresh jwrtion of the solution. The chlorine is again precipitated 
as AgCl ami neighed as such. 

.\ g(KKl Hay of remo\ing the iodine is to treat the nrldifjcd solution H-ith 
potavsium nitrate. 

SKI -f 2KNO, 4- ■2!I,SO«~>-2K,SO, + 2N'0 + 211,0 + I, 

Nilroas add h ill not oxidise hjxlrochloric acid in verj- dilute solution, 

IJissohc the mixture in COO ml, of stater in a litre bcaler. Then add !i ml. 
of dilute siilphurie acid and 1 grm. of potassium nitrite, srhich must lie free 
from Italtdes. Iloil the solution, or hubhie clean air through the hot solution, 
until it is entirely colourless. Then precipitate the chloride as .\gCI in the 
usual Hay. 

Oetermlnatlon of CIO, In a Soluble Chlorate 
The Chlorate Is coorerted bf a suitable Redudog Agent into Chloride, and is 
determined as SUrer Chloride. 

Weigh out nccumtcly about 0 3 grtn. of pure rccrystalliscd potassium 
chlorate, KCIO,. into a 500-ml. beaker. Dissolve the sail in nbout 100 ml. of 
Hater, and odd 50 ml. of a 10 per cent, solution of ferrous sulphate crj-stals. 
Ileal the liquid, vith constant stirring, until it l*cg{ns to boil, and boil for fifteen 
ininutcs. Then nllou' the liquids to cool and add nitric acid until the precipitated 
basic ferric salt is ilissolvcd. 

I’reripJtate the chloride ({irrxhieeil by tlic rciluction of the chlomfc) m’th slh cr 
iillmle, and cnltcct and s»eigh the AgC) as descril*eil above. 

Volumetric Methods for the dcicrmhmimn uf shlomlcs nre gi\rn on pp. 152 
and ITO. 


Determination of CIO, In a rerchlorate 
Pcr\'!ii4*mtr>, nulikc chlorines, nre iml rcduml to chlorides by n ferrous salt. 
Tiie wdufioii contaiiiiug the jwrchlomtc iscs'apomteil todramess, nnd the residue 
is intimately mixwi ssjtii tivc times its Height of ammonium cldorfiio. The 
mivture is th'*fi hcaleil slonly in n pifilinum crucIMc to a dull reil heal. If 
fieccssrirs*. (he residue cm l>e rn(\e<l again Hilh nmmniifum chloride and agniti 
hmtrtl, A pf.Tlimim crucible mu^t l*c iiscsl, as pl.stiniim acts ns a calalj^t In the 
dccomi»ositlon of the f«ciThlonile. The chloride is then dissohtsl in very dilute 
nitric acid and dcfrrniJnciJ ns AgCI. 

Determination of Cyanogen in a Soluble Cpnlde * 

The Cyanogen is precipitated as Silver Cyanide. AgCN, and is weighed as such ; 
or the AgCK is ignited, and (be rcsidoal Ag is weighed, 

l . . , , ^ . 


t'ollwt and Hash th'* prrcipllate in n CriNHh or nhindum rnirihlr, and ilrj' it at 
IP'*’ (*. In an nir-mni until ttie Height Is rouslsnt. rmni the weight of AgCN 
Itius olitnmrsl, ttie ivrrent.ige of eyanogos may t»e nileuiatesi. 

Silsrr cjTinhtc liwmifsHrs flirty easily. A stieck on tiir first result can 
iherrfiTc If olit.iincfl by bmltog the precipitate In n kargrr. uneoveml cruedde 
nnlil (be Mrigiit is <v>n>t.snt. Itrpratcd iicathigs nny l>c iirressarj*. ,'lclnllir 
•thrr Is left nftrr the expulsion of tiicryaiiogcn. 

In prrfEiring the rniHtde it Is srcll l« ignite It first at ii ml br.it, and then to 
*s*ol and svrigti it. It slmnld l«e fbrii ssnkrsl in HTiter, ilriel nt 105* C., and 
Hrigbnt ngnin. It is thru (visible to nvikr n •iiuill (»>rmtli>n fur ttie rlunge in 
Hfjjlit t.f iJir rrm-ibir din- to tt»r two brat Iniitinrnts. 

(‘.ifiitnrn i tl |»i( isshtm rjaiiMe {• not purr, imd y:iri<-> hi isniijs-Hithni ; 
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hence it will not yield the theoretical percentage weight of cyanogen cor- 
responding with the formula KCN. In order to check the accuracy of the result 
obtained, it is necessarj* either to use chemically pure potassium cyanide or to 
make a duplicate determination of the c^tmogen in the commercial salt. 

A more satisfactory Volametric Method for cyanide is given on p. 105. 


Determination of Silver in its Soluble Compounds 

The Silver is precipitated as Chloride, and is weighed as such. 

Weigh out accurately about 0*3 grm. of pure recrj'stalliscd silver 
nitrate, AgNOj, and dissolve it in about 100 ml. of distilled water ; then 
add a small quantity of dilute nitric acid. 

Heat to boiling and slowly add dilute hydrochloric acid in slight excess, 
with constant stirring. The addition of another drop of HCl must not 
cause any further precipitate in the clear liquid from which the precipitate 
has subsided. 

Allow the beaker to stand in a dark place until the precipitate has 
settled. Then decant tlie liquid, and wash the precipitate three times 
by decantation with boiling water containing a little HNO,. Transfer 
the precipitate to a filter-crucible, and complete the washing with water 
acidified with HNOj, and then with hot water only. 

As soon as the AgNOj test shows that the Citrate is free from chlorides, 
wash the precipitate once ^rith alcohol, dry it in the steam-oven, and 
then at 180* C. to constant weight, 

Detennination- of Lead in its Soluble Compounds 

Determination of Lead as Lead Sulphate. Weigh out accurately about 
O'S grm. of pure lead nitrate and dissolve the crystals in the least possible 
quantity of water in a porcelain dish. Cautiously add 10 ml. of 
concentrated H2SO4, and evaporate on a hot plate or on an iron pot (p. 80) 
until dense white fumes are produced. Cool, and dilute carefully with 
, 30 ml. of water. Cool again, add 10 ml. of alcohol, and stir. Allow the 
precipitate to settle for three or four'hours and then collect it in an 
alundum crucible.’ Wash it with 10 per cent, sulphuric acid, and finally 
with alcohol. Heat it slowly, and finally ignite it at a dull red heat to 
constant weight. 

Determination of Lead as Lead Chromate. Weigh out accurately about 
0'3 grm. of pure lead nitrate, dissolve it in 200 ml. of water and add acetic 
acid to the solution until it is distinctly acid. Heat, and to the hot solution 
add 4 per ^ent. potassium dichromate solution in slight excess. Continue 
the heating until the colour of the precipitate is a definite yellow. The 
supernatant liquid must also be coloured. Allow the precipitate to settle, 
filter it through a Gooch crucible, wash it with hot water and finally once 
with dilute aJcohoI. Dry at 120* C, 

Note. The Aad chromate is of a somewhat indefinite composition. U^e the 
factor 0 0375, irfptcad of 0-C41 1 the theoretical factor. 

The chromate ^ay also be determined smlumetrically (pp. 1 54 and 172), • 

The ElectroMiclDriermination of lead as dioxide is given on p. 233. 



ZIXC, MAXGAXE.^E 


Determination of Zinc in its Soluble Compounds 
The Zinc is precipiiated as Carbonate and is weighed as Oxide. 

^Yc^gll out accurately about 0 5 prm. of pure rccrj'stalKscd rinc sulphate, 
ZnS04, 711,0. Dissolve this in a oOO>nil. beaker in about 150 ml. of 
unter. llcnt the solution nearly to boiling', and add sodium carbonate 
solution in a very slight excess, lloil for a short time ; then allow the 
precipitate to settle, and uash it three times by decantation with Imiling 
vratCT*, finally collect the precipitate in an alundum fdtcr-cruciblc. The 
washing should be conlinuetl until the liltratc shows no alkalinity to 
litnnis»paper, and gives no precipitate with IlnCIf solution. 

Dry the precipitate in a steam-oven, and ignite it in a large, eovcrcti 
nickel crucible over a UunsoJi flame. The precipitate should be heated nt 
rc<lncss to constant weight. Care must l>c taken during the ignition to 
prevent unbnrnt gases from entering tlic crucible. Such gases would 
reduce the oxide to zinc, which would then be lost by volatilisation. 

Ocferminafion of Manganese in its Soluble Compounds 
The UanganesQ is ptecipUated as Manganese Ammonium Fhosphato 
and is weighed as Pyrophosphate. 

Volumetric methods for the detcnulnntion of manganese (p. 207) arc’ 
to be preferred to the gravimetric metIwU on account of tlieir greater 
speed and accuracy, 'flic gravimetric method given below, however, 
yields excellent results. 

As an cxcrci«c, an nccurotcly«ncighc<l quantity of i>otnssiiim 
IJcrmnngnnatc can be di«!Solvc<l in a small quantity of dilute II,SO|. 
The pemiimganatc is then rc<hicc<l by SO,, excess of SO, removed by 
Ijoiling, and the mangnno'e sulphate determined o'? follows ; 

The solution shouhl contain not more than 0 2 grm. of manganese 
in about 200 ml. of water. To this Rolution ndil 20 grin, of ninmoniiim 
clilorMc and 2 grm. of (N’HjljIH’O,. Ifoil, mnl athl hyilmchlnric acid, if 
nec•c^s:^r>•, until the solution h quite clear. Now to the lx>iling solution 
a«ld a dilute solution of ninmonm, \cr>' slowly and with constant stirring, 
until a precipitate licgins to fonn. lloil until this prrcijnt.atc liccomes 
CTystnllim*. Add a few more drops of ammonia, Ixiil, add more ammonia, 
and so on until no further precipitate forms. Then add n further small 
ipiantily of ammonia. Stand the lieakcr in iced water to cool. 

After two hours, filter through an nUindum cnieible, and wash with 
10 i>cr cent, ammonium nitrate Milution, to which a few drops of 
ammonia base l>ccn nddctl, until no chlorides remain. l)r>' and ignite 
sciy csuitiously and gently nt first, but llnally at n bright ri-tl heat, 

MnCl, + (Nil,), lirO, -V Zn(NH,) I’O, -h NH,Cl + IICI. 

Determination of Dismuth In its Soluble Compounds 
The Bismuth is precipitated and weighed as Bismuth Phosphate, BiPO,. 
The Milution oinlninlng the bismuth must Ik* free from chlorides, 
which can \*c rtmo\c<l by csniiomting twice to a Rvnipy consistencs* 
with nitric acid, llic solution obouM nlsn l>c concenlratol, and no't 
grtalcr llitm 100 ml. in Mihimc. 



7G mMPLE onAVlMETBia mTEnMlNATlOEH 

A< 1<1 fdUfcntratcd ammonia until a pcrinancnt procipilato 

rc•s^^It^. Dissolve this in 2 ml. of 30 per cent, nitric acid. To the boiling 
solution add, with constant stirring and from a burette# a five-fold excess 
of a 10 percent, solution of dtaminoniinn hydrogen phosphate. Then dilute 
to 'too ml. with boiling,water and almost boil for fifteen minutes. Collect 
the precipitate in a Gooch crucible, and wash it with 3 per cent, ammonium 
nitrate which has been slightly neidified with nitric acid. Diy, and ignite 
gently inside a large nickel crucible. 

A smtable solution for practice can Lc obtained by igniting some pure bismuth 
oxide, BijOj.to constant eight. AboutO 3grm. of this is weighed out accurately 
and dissolved in dilute nitric acid. 

Determination of Magnesium in its Soluble Salts 

The Magnesium is precipitated as Magnesium Ammonium Phosphate, 
MgNH 4 F 04 , 6 H 20 ; this is converted by ignition into Magnesium 
Pyrophosphate, MgsPiO?, and is weighed as sucl). 

Weigh out accurately about 0-5 grm. of pure recrystallised magnesium 
sulphate, MgS 04 , 7 Hj 0 , into a 500-ml. beaker. Dissolve the salt in about 
50 ml. of cold water, add a few millilitres of NHjCl solution, and then 
NH 4 OH .solution in moderate excess, since the phosphate precipitate is 
slightly soluble in pure water but is practically insoluble in water containing 
ammonia. If a precipitate forms wlien tbe NH 4 OH solution is added, 
it must be redissolved by adding more NH 4 CI solution. 

To the clear alkaline liquid add an excess of sodium phosphate 
solution (Note 1), and stir the liquid vigorously, rubbing the inside of 
the beaker with the rod, but without scratching tbe glass. 

Allow the liquid to stand for twelve hours, and then filter it. This delay 
is recommended in order to ensure the complete precipitation of the 
double phosphate. But if the solutions are mixed in a stoppered vessel 
instead of in a beaker, and the mixture is at once vigorously shaken for 
five minutes, precipitation is complete in thirty minutes. If this method 
is used, it is better to precipitate with (NH 4 ) 2 HP 04 . When a sodium salt 
is used, some MgNaPO* may be precipitated at first. Tliis salt changes on 
standing to the less soluble ammonium salt. 

The precipitate is washed on the filter with NHjOH solution, made by 
diluting one volume of NH4OH solution, of 0-880 specific gravity, with 
three volumes of water. The washing must be continued imtil a few 
drops of the washing water, alter being acified with nitric acid, give no 
opalescence with silver nitrate solution. 

The precipitate is now dried in a steam-oven, and is detached as 
completely as possible from the filter-paper and transferred to a platinum 
crucible. The filter is incinerated in a coil of platinum wire, by heating 
it at first Very gently and finally exposing it to a red heat. The filter-a.sh 
(Note 2 ) is then dropped into the crucible. 

Tile crucible is noir co\ercd with the lid, and is iieatcd gently by a 
.small flame for about ten minutes ; it is then healed to redness, and finally 
to bright redness, in a flame hot enough to melt easily a piece of copper 
wire. It is then allowed to cool in a desiccator, and is weighed. The 
ignited precipitate should be perfectly white, and the ignition should be 
repented until it ceases to lose in weiglit. 
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Sotr 1, Some nuth<>ritic>. state tliat t!ic a«lditio« of NiliOlI lK.‘f*irc tin* 
pllo^phut^• rauscs the formation of Mhiclj remains nnattcreil 

It is heated. Tiic follow in}: imicctlure snll present this : To tlic Imiliii}: soliilioti. 
whieli must !>e iicutnd or slij'htly neid and free from nmmoniiini sails, add 
hodiiim ammonium phosphate or mierocosmic salt solution, dmp by dn)[i, until 
precipitation is complete. The Rreater part of the magnesium "ill now 
liavc liccu prceipitatcd as MgUl’O^. Allosv the solution to cool and add, with 
eorislant stirring, one-thiitl of its volume of ammonia solution of 0 8S s|>ecinc 
pnuitv. The ninorphoiis precipitate sslJI lie at once chanced into cry>talline 
.McXIltl’Oi.fllljO, and the magnesium still in solution "ill lx* thnmn d<i«n in 
the same form. 

.Vote 2. The ash should contain no |>artic!c3 of carlxm, which may persist 
sft u,, T — — -1,.... «... 'p., rf J-itn 

, ■ ■ • » • ■ . » lot 

Mole It is not advisable to use n special form of cmciblc in this 
determination Ixicnusc of the vciy high Ignition temperature required. The 
alkaline phosphate solutions may react ssith the nslK>tos of n GikkIi, so causing 
inamimej*. — 

The Magnesium is precipitated with S-HydroiyQuinoline and is weighed 
as Mg(C,H.0N)„2H»O. 

For the preparnthm of the 8-In<lrovyquinolinc solution see under 
Aluminiuni (ji. f>5). 

Mnhe the snlutinn of Tnngneshiin, which shmilil not contain more tlinti 
t) 1)2 grtn. ofnictnl in 50 tnl., slightly alkaline Nvitli ammonia, after Iinsing 
tuhled suffieient timmouium chUirUlc to prevent the fonnntion of a pre* 
eipitatc of magnesium hydroxide. Tlien heat to 80* to 00*0. and add, 
with stirring, ii !i i>cr cctit. alcoholic solution of the reagent in slight excess. 
The solution will then be slightly yellow. Kc\t nild t ml. of concentrated 
ammonia, stir continuously for ten minutes, allow to stand until the 
pn*<*i|)itate 1ms settled, ami collect it in a f?oorh crucible. Wash It 
tliomughly with hot water, to which a smtill ipmntity of ammonia has 
lK*cn added, and ilrx* it at 10.7*0. Alternatively, dry it nt 180“ to 
MO’ C. to eonstnnl weight. In this ease the w.atcr of crx'staIIis:ttion is 
lost. I'hc hitler method is to Ik* prefnTcrl. 

The preeijiitatc can niso Ik* lumlyscil voliiiiietrietdly (p. 171). 

The hIhivc melho<l wilt •.<jv»r.ilr small >|ii.iutities of magiicsitiia fnim the 
alkaline earths, hut if iiuuh rahiuin Is present the following proisslure is 
rreoimiirmlM ; 

To the Itoiling »<ihiti<in, aild lU grni. of nmiiaHiiuin ntetale and a few millilitres 
»>f ammonia; thru ([nieklv iidil iimiiumii imtil the solution is alkaline to 
pheim1plitlrdrin-p'i|XT. I’iHit at «mce, and s\nsh with a 5 J>er rent, solution 
of atninoniuin nertate to s<hieli a fi*" millilitres of amtiuinia h.ise Ixvii addeii, 
Uisiohe the prrcj|iilate in hot, ilihlle IK’I nml rrpreeiiulnte it as iiImisc. Cone<-t 
the prrt {pitale In n (loo* h rna ib!e and wash It with hot water csintniiiing a small 
()U iiititv nf nmuioiii.i, 

,\ >tin l-etter mrthixl is to pn-rlpitalr the s-idtium as oxalate (p. 70) nn<l then, 
««ilhout liltrring. to pn*»-ipilate the tii ignesiniu by the llrst tuclhod. The two 
f»rrei|iilalrs are then tsdlrete*! and waslinl iind the oxine <siiii]H>iind is iletermlneil 
soliinielnrully. 


Detennination of rO| in n Phosphate 
The ro, Is precipitated as Macnesium Ammonium Phosphate, 
MrKIIiPOi.CUjO ; this is converted into Magnesium Pyrophosphate, 
MC.PjO;. 
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SIMPLE GRAVIMETRIC DETERMINATIONS 


■\Veigh out accurately about 0'3 gnn. of pure potassium dihydrogen 
phopshate, KHjPO^, into a SOO-ml. beaker, and dissolve the salt in about 
100 ml. of water. Add a considerable excess of “ magnesia mixture ” 
{see below) to the solution, and clear mth hydrochloric acid if necessary. 
Boil, and to the boiling solution add 0 880 ammonia diluted fifty times, 
until a precipitate forms. Continue to add the dilute ammonia verj' 
slowly until the liquid just smeJis of ammonia. Then, to the cooled 
solution, add one-fifth of its volume of concentrated ammonia. The 
precipitate will be ready to filter after half an hour. Treat the precipitate 
in the manner described above under the determination of magnesium as 
phosphate (p. 76). 

Note, Because of the adsorptive properties of magnesium ammonium 
phosphate, the above process giws good results only when there are few other 
salts present in solution. If other salts arc present the original magnesium 
precipitate should be dissolved in dilute hydrochloric acid and reprecipitated. 

Preparation ‘ of “Magnesia Mixture.** The INIinistry of Agriculture and 
Fisheries has laid down ‘ ' ‘ .... .... 

the determination of pli 
magnesium chloride and 

Add 700 ml. of 8 per cent, ammonia solution and mix. Allow the solution to 
stand for not less than three daj's, and filter. 

The 8 per cent, ammonia Is .to be made by diluting 0-880 ammonia ^rith 3 
volumes of water, and adding either concentrated ammonia or water until the 
specific gravity of the solution is 0‘907. 


The Phosphate is precipitated as Ammonium Phospbomolybdate, 
(NH4)3p04.12Mo03, and is weighed as such, or is converted to 
Phosphomolybdic Anhydride, p205.S4AIoOs. 

This method, though probably less accurate than the “magnesia” 
method given above, possesses three great advantages ; (1) The phosphorus 
content of the precipitate is small, and therefore comparatively small 
quantities of phosphorus yield comparatively large precipitates. (2) As 
precipitation takes place in strongly acid solution, the method is suitable 
for the determination of the phosphate contents of salts which are insoluble 
in water but soluble in acids. (3) The pbosphomolybdate is soluble in 
dilute ammonia. An accurate determination of an insoluble phosphate 
can therefore be made by first precipitating it as molybdate, dissolvung 
this precipitate in dilute ammonia, and reprccipitating with “magnesia 
mixture ” as described above. Few of the commoner elements are 


precipitated. The chief interfering elements are silicon, which must be 
removed by e^•opo^ating to dryness, rcdissolving the residue in acid and 
filtering ; and arsenic, which js removed by reduction .with SO, and 


precipitation with H,S. 

The solution should contain not more than OT gnn. of P,Oj, and should 
be some 100 ml. in bulk. Add 10 grm. of solid ammonium nitrate and 
15 ml^^of concentrated HNO,,nnd heat nearly to boiling. Then run in a 
3 per cent, solution of ammonium molybdate (see Note) through a filter- 
funnel, Vhe stem of which has been dra^m off so that the molybdate enters 
the phasphate solution slowly and in a fine stream. The molybdate 
solution tehould be ns hot as possible, and the phosphate solution should be 
stirred. A considerable excess of the precipitant must be used. 

Allow tile precipitate to stand for one hour in a warm place, and then 
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filler it through an olunduiii or Gooch crucible. Wash it « ith a 1 per cent, 
solution of nitric acid until the ninnings no longer turn a solution of 
potassium fcrrocj’nnidc brown, and finally with water. Drj* it for two 
hours at 110’ C., and weigh it. 4 

The reaction is as follows : 


HjPO* + 12(KH4 ),Mo04 + 23IIKO, 

-V (NH4),1*04.12MoO,.2IIKO„II,0 + 21 X 114 X 0 , + 11H,0. 
On drj'ing at 110’ C., the phosphomolybdatc loses the nitric acid and 
water. 

In order to con\crl the precipitate to the anhydride, the crucible is 
plac«l on a pad of asbestos in a larger nickel crucible, which is nearly 
closed by a lid, and is heated by n small Bunsen flame. The yellow 
ammonium compound will lose ammonia, and it must i)c heated until it has 
iKCornc uniform bluish*black in colour. Care must be taken not to overheat 
the i)rccipitatc, because molybdic oxide sublimes very readily at a rctl 
heat. A suitable temperature will lx* obtained if the bottom of the nickel 
crucihlc is just red hot on the oulside- 

The original ainmonium phosphomolybdatc precipitate can be 
dctcnninctl conveniently by a volumetric method (p. 130). 

Sole. The Miablrj' of Agriculture and Fidicrics in the VertiUseTS and Food* 
tlnfft Ordtr (1032) has laid down that nmnionium moljlxjatc eolation made as 
follons sludl be used in the detemuaation of phosphates in nmnurcs ; Put 
123 grill, of nioljbdio ncid nn<l 100 ml. of ssutcr in a litre llask. Add 800 ml. of 
8 per cent, of ammonia (made as dircctcsl under ** magnesia mixture,” p, 78) 

s * • ‘on . • . » * ' ‘ ite 

* ■ I « ' • . . • . • •• • • , , • . I • ,t"ep 


Delcrmioatlon of ASO 4 In a Soluble Arsenate 
The AiOi Is precipitated as SIs(KH 4 )AsO(. 6 BzO : this is coDverted by ignition 
to MstAstO,. 

Weigh out nccnratcly alKnit 0 3 grm. of pure recrj-stallbcd .sodium arsenate, 

tf . .r\ . .^.v* —I » - • — 1' . --f I Jjj Iqq 

T]ien add 10 nil. 

' ‘ iresent. X’ow add 

. ' . . ^ ,>cr cent, ammonia 

soliitiun from a burette until the solution Is of 0 }K'nnanent red eolour. I'lnaliv 
u<ld one-lhinl of Its >*olumc of 10 per cent, ommuiii.'i to tlie ml solution and i«i\'e 
the precipitate to settle for one hour, or prcfenibly oveniight. 

Collect the precipitate in n Gooch or nlundum cnicililr und ssash it m itii 2 3 jx^r 
cent, ammonia until free from lm|nintics. Dry it In n 5 t<':unK)\rn, cover the 
precipitate siitli n thin layer of nmmoiiliim nitrate and heat it, slonly nt first nm! 
finally to n briglit ml heat. The 8 |«ccial cnietbic sliotild liwc l»ccn placed in a 
larger nickel crucible. Then cool in n de^iccalor imtl weigh. Altcmalivelv, 
instead of using ninmonium nitnvtc, fll the crucihlc with 11 Hose's lid nml ignite In 

• corresjtonding 

• ' ). The ignition 

■ ' • • ■ . titter. 


Determination of Sodium in Sodium Chloride 
The Sodium Chloride is couTcrted into Sodium Sulphate, Na^SOf, hy- 
Ircatment with HtSOi, followed by evaporation and ignition. 

TJiis prssccss can 1* nppJifsl to the tlrlrmiinatlon of •odium in any compnimJ 
sshkli Iravrs only a rrsidue of Nn^SO, srl»cn U Is evpi>orate<l ssiih H*,‘' 04 . 
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^Vp/jili out acciimtely about 0 5 grm. of pure sodium cliloridc iiilo a 
platimini crucible. Dissolve the salt in us small a quantity of water as 
possible, and add concentrated sulphuric acid drop by drop, quickly 
rcplacing^tlie cover of the crucible after each addition of acid. As .soon 
as the whole of the salt has been acted upon, heat the crucible and its 
contents cautiously over a small Bunsen flame. 

Tile crucible should be supportwl in an inclined position, and be almost 
covered by tlie lid, a small opening only being left to permit the fumes 
of the sulphuric acid to e.scape ; and tlie heat slmuld be applied near the 
top of the crucible, in order to prevent the liquid from creeping up the 
sides of the vessel (Fig. 52, p. 50). • 

White fumes should escape during heating, since they prove that HjSO* 
has been added in excess. The crucible should be heated to redness for 
at least fifteen minutes after the fumes have ceased to appear. It is 
then allowed to cool in a desiccator, and is weighed. The above processes 
should be repeated until there is no loss in weight after reheating for 
five minutes. 

The salty mass becomes pasty during beating. This is due to the 
change of the sodium bisujphate, which is formed first, into the less 
fusible nonnal sulphate. This change may be accelerated by adding a 
small quantity of powdered ammonium carbonate to the cold crucible. 
The lid is then replaced, and the cniciblc is heated gently at first and 
then strongly for a few minutes. This treatment should be repented 
until the w'eight of the crucible and its contents becomes constant. 

The sodium In a solution of sodium salts • ' ' ■ • • 

A portion of the solution nearly to drj'ness on 
porcelain evaporating dish, when room lias 

solution is added ; and so on. The final solution h then treated with sulphuric 
acid as described above. 

Precipitation as Sodium Uranyl Zinc Acetate. The reagent is prepared bj’ 

■ ■ ' ' ■ ' "*■ '■ ’ 'ate dihydrate, 

■ : . • D grm. of zinc 

water. After 

’ i • ■ ... 

separate, owing to the impurities present ; 
sodium chloride. This ensures that the f ^ 
precipitate. Filter tlie reagent ready for use. 

Make the solution to be analysed approximately neutral, and dilute it so that 
1 ml. contains 4 to 8 niilligrains of Na. Mix 1 ml. vigorously Mith IS ml. of the 
reagent, and after one liour at 20® C. filter the mixture on a weighed, sintered 
glass crucible. Wash the precipitate successiwly with seven 2-ml. portions of 
reagent at 20® C., five 2-ml. portions of 95 per cent, alcohol (saturated with the 

1 \ I » I'.' ' ■■ -i’.' 


Determination of Potassium in its Soluble Compounds 

The potassium is weighed cither as chloroplalinate, ns perchlorate or ns 
sulphate. \ •- 

The PolasBium Chloride is precipitated as the Double Chloride of Platinum 
and Potassium, KtPtCl«, and is weighed as such. 
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lliK iik-IImkI U only applicable to tliose potassium coin|K>iitids ^»hicli can Im* 
fonvcrtc<l completely into jmtns^iuin chloride hy eva{X)mtJon with hjtlrochloric 
acid, Ikk^usc it is only frojn a Kolution containing chlorides tliat potasslvim can 
be completely precipitateil as KjthCl* by cliloroplatinic acid (IIjlHClf). 

Weigh out accurately into a porcelain dish (diameter, 10 cm.) about 
0-25 grm. of pure rccr3*stalllscil potassium chloride. Dissolve this in 
a small quantity of water, and add a few drops of hydrochloric acid. 
Then add platinic chloride. solution in such quantity that the disli contains 
rather more than is required to react with all the alkali tnctals present. 
Es’aporatc the liquid slowlj* on a sealer-bath, until a ssTStpy liquid, winch 
solidifies on cooling, is ohlaineil. A common mistake is not to carrj’ 
tills c\nj)omtion far enough, but tlie solution sliould not be evnjxiratcd to 
ilriTiess. 

Now j)oiir 80 j)er cent, nlcobol on the residue. Gently shake the liquid 
round in the dish, so as to mix the contents uniformly together. Allosy 
the precipitate to settle completely and pour off the liquid through a filtcr- 
crucihle. llci>cat these oiicratlons twice, or until the precipitate has a 
unifonn golden-yellow colour, and finally transfer the undissolvcd double 
salt to the filter by means’ of a stream of liquid from a small wash-liottlc 
containing alcohol. 

Wash the precipitate on the filler with alcohol until the washings are 
no longer colourc<l ; then dry the cnjcihlc and its contents at 100'^ C., 
finally heating at lfi5*C. to constant weight. During the heating the 
crucible must Ik* kept covered at first, liccatisc the cr>*stnls may 
decrepitate. 

Sou. separating pot.*Lssi(im from scxlium by this inctliod, It is 

nccessflty' to rrmcmlicr that sodium chloride is iasoluble and so<liunt 
chloropintinatc is soluble in 80 ttcr cent, otooho). It Is tberefore essential to 
nild sufllcicnt chtorojihitlnic acid to comert oil tbc sodium as well as all the 
potassium to the chloropintinatc. 

The K|FtCl( is converted to Flatinam and Weighed. 

A check <iti the result obtained by the mcthwl given idxivc can lie made 
by reducing the double chloride to metallic platinum. The iirccipitnte 
should have been collected in a sintered glass or alundum cniciblc. It Is 
removwl from the crucihle to u lai^ie boiling-lulx* by smshing with 
.successive quantities of hot water. Add t ml. of eonccntrateil IICl aiul a 
piece of pure magnesium weighing about 0-5 grm. to the hot solution. 
Stir the liquid and nuive the magnesium up and iIowti the tube, using a 
gl.iss itnl which has Ik'cii fintteiicil at one end. When the action lias 
ccnscKl, a<hl more hydroclilorie acid and lease the tulx; in hot ssuter In a 
l»onker on a hot-plate for an hour. If re^Iiietion is complete the liipihl 
should Ik* quite colourless. 

Collect the pl.itinum on u filt(‘r-|i.*i|>cr. ssash it svilli hot svatcr ncidiflcil 
svith a little dilute hydnK*hlorie arid, and Ignite it in a |>orcelain or. i>rc- 
fcmhly, a platintmi ersieihU*. 

SoU. \ ronibiintion of Ibrse two nirtiind* wrs'rs for tbr ilctrrmin.ition of 
t«'tns»biin In abiio-t any mistiirr, except llwl potassium cannot lx* scparotisl 
from nmiiioniiim n.slts liy tbc Use of rliloroi>Iatintc add. Otber cblorojibstinnlrs 
dlbrr nrr noliddr in nlcoJiol or arc decomiKwerl by ft, or are insoluble loth In 
nlrolwil and in lulling water. Tims, if o rliloTPl'l.din.atp Is prrcipitatrsl In lb<* 
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{•rfscticc of alcohol and is washed ■with that solvent, and then boiling water is 
passed o^ er the precipitate on the paper, any platinum in the final filtrate must 
necessarily have been in combination either with potassium or ammonium. 

The Potassium is precipitated as Potassium Perchlorate, ECIO 4 , hy 
Perchloric Acid in the Presence oS AlcohoL 

This method is applicable in the presence of chlorides and nitrates of 
the alkaline earth metals, magnesium and the alkali metals, and also 
in the presence of phosphates, but ammonium salts and sulphates must 
be absent. Ammonium salts, if present, are removed by ignition, and 
sulphates by the careful addition of barium chloride solution. 

For practice weigh out accurately about 0.3 grm. of pure potassium 
cliloride, dissolve the salt in 20 ml. of hot water in o small unscratched 
glass dish, and, since 1 ml. of the 20 per cent. HCIO4 solution converts 
90 milligrams of potassium into perchlorate, add 6 ml. of 20 per cent. 
HC10| solution. This is more than twice the HCIO4 solution theoretically 
required to convert the potassium into perchlorate. Now evaporate on a 
water-bath, with stirring, to a syrupy consistency ; add a small quantity 
of hot water and continue the evaporation on u hot plate, with constant 
stirring, until white fumes of HCIO4 appear. If white fumes do not 
appear, add more water and HCIO4 solution, until finally heavy fumes 
ofHC 104 arc obtained on evaporation. Cool. It is most important that the 
assay should he quite cold before alcohol is added, or there may he a most 
dangerous explosion. Tlien stir up the cool mass thoroughly with 20 ml. of 
alcohol, which has been distilled in tlie presence of potassium hydroxide 
and then saturated v'ith solid potassium perchlorate, and break up the 
crystals somewhat to bring a large surface of solid into contact with the 
solvent. 

At once decant the solution through 0 filtcr-cnicible, which has been 
pre\'iously washed with a saturated solution of HCIO4 in alcohol, dried 
at 130® C. and weighed. Finally, ^vash the precipitate by decantation 
with 15 ml. of the alcoholic solution of HCIO4, and transfer it to the filter ; 
wash it in the crucible first -with some of tlie alcoholic HCIO4 solution, 
and finally once with pure alcohol ; dry it at 180® C. and weigh. 

Note. The crj’stals are heavy and diOtcult to see, even against a dark back- 
ground. To ensure tliat all are transferred to the crucible, allow the dish to dry 
JlnnlJy by evaporation, and carefully brusli in any crystals. ^ 

Determination 0 ! Potassium as Sulphate. The process is exactly parallel to 
that described on p. 79 tor sodium compounds. It is only suitable for those 
potassium compounds which leave pure potassium sulphate, KjSOj, when the 
residue left after es’aporation with sulphuric acid has been ignited. 

Determination of Ammonium in its Compounds 

The ammonia gas is driven off by Iieating the substance either with a 
solution of sodium hydroxide or with lime, and is determined either 
gravimetrically or volumetrically. The volumetric method (p. 133) is 
generally to be preferred. . 

The Ammonia is expelled by heating the Ammonium compoimd with 
a solutioA.of Sodium Hydroxide, and is absorbed in dilute HCl ; the 
Ammoniuii Chloride thus produced is precipitated as the Double Chloride, 
(NH 4 )jPtCleAhy Chloroplatinic Acid, and is weighed as such. 
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The General Description ol the Method will be understood by reference 
to Fig. 01. The wcljjhctl ammonium compound is introduced into the 
dccomposition-nask (<i), and the sodium Jiydroxidc solution is nllowctl to 
drop tipon it from the dmpping-tul»c (6). When tlic flask is heated, 
ammonia is evolved, .and is nl>sorl*c<l by the dilute acid in the cooled 
absorption-flask (It). The absorption UiIk; (n) contains pieces of broken 
jjlass moistened with dilute acid : tills acid retains traces of ammonia 
which may have passed tbrounh (be acid In the flask (A). The enlargement 
in the tulH! (</) receives any acid which may lie sucked back from the 
absorption flask (/<) and prcsTnls it from entering the decomposition 
flask (a). 

Description ol the Apparatus (Fig. Cl). A round 500-inl. flask (o) is 
filtwl ulth a niblier bung through which passes a dropping-tulx: (fc) of 
about 50 ml. cajiacily. The lower end of this 
tube is dmwn out to a fine point. The flask is 
connected by means of a licnt lul»e, carrj'ing 
tt bulb (c) and a niblier joint with a 50-mi. 
pipette (d). The connecting tidic and the top 
of the pipette must be of the same diameter, 
and their ends must be brought Into close 
contact within the joint. The pipette passes 
through n niblicr stopper wbicli Is fittci) in the 
neck of a fiOO-ml. conical flask (ft)- Tlic lower 
end of the pipette Is draim out to a fine point. 

A Rninll absorption tulic («), filled with broken 
glass, is also fittcil into the same slopjior. 

The conical flask N filled to the dqilh of 
about half an Inch with hydrochloric acid, 
made by diluting the conccnlnite<l acid with 
six limes its volume of w.ater. 'Hie acid, to 
which 12 drops of methyl oninge have l>rcn 
ndileil, is |K)ured into the flask through the 
absoqitloii tiilie (n) containing the broken 
glass, and the glass is thus wellid with the 
liquid. The jKilnl of the iiijictte is adjusted to 
dip just below the surface of the arid. 

The whole apparatus should Ik* scn*eiic«I, or placcil in a fume ctijdioanl, 
In onlcr to shelter it from dnuights while it Is lieing used, !>ccause an 
intermittent air current may cause the distillation to l>c verj* irregular. 

Procedorc. Alniut 1 grin, of pure ciystalliscd ferrous ammonium 
sulphate, rcSO 4 .(NH,)^ 0 |,GlljO, is ncciimlely weighed, all crj-staN 
which show a ytll<iwisli tinge licing rejectetl. The salt is intitxlueed into 
the round flask (n), and is then dissolvwl In alxait .50 ml. of water. Some 
small plter-s of clean, porous poreelaln arc tlien adilcti to mlnimt'-e humping 
when the Milullon is i»o|le<l, and the nildier hung carrying the funnel niid 
tmp is flttctl into place. The bulb of the dnipping-tul)c (5) is now fllletl 
with Mxllum hydroxitle solution, prefuited t>y dissolving 1 part of NnOII in 
•I jvirts of water. The lonncctlon (e) with the rreriver (/») is then made 
by mr.ins of the nih1*cr joint, with ii plass.to-glass ronnrclinn Inside the 
joint. 
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TJie contents of the round ilask are now heated to gentJe boding, and ■ 
the NaOH solution is allowed to drop slowly into' the flask by slightly 
opening the stop-cock of the dropping-tube (h). As the ammonia gas is 
driven off, it is absorbed by the acid in the conical flask (ft), which is kept 
cool by cold crater in a dish. 

The bulb-tube (c) stops any alkaline liquid spirting from the boiling 
solution. If the ammonia is driven over at all rapidly, the trap ceases to 
function efficiently. If the least trace of the concentrated sodiuni hydroxide 
finds its way into the flask (ft), it will count as ammonia if the volumetric 
determination (p. 139) is used, and the results will be unreliable. The point 
of the pipette (tf) must be always just immersed in the acid, because if a 
volume of acid greater than 50 ml. Is drawn into the pipette some of it 
will be drawn back into the distillation-flask and the device will be 
worthless. The pipette must therefore be mised occasionally as the voliune 
of liquid in the flask increases. 

As soon as all the NaOH solution has flowed from the tube (b) into the 
flask, the stop-cock is closed ; the flame is then raised, and the contents 
of the flask are kept boiling gently, until about half the liquid in the 
flask (rt) has distilled over. Some acid must now remain in excess ; this is 
known to be the case if the methyl orange in the absorption-flask does not 
I)ccome yellow. 

The two flasks are now disconnected, and if there is any faint smell of 
ammonia about the distillation-flask (o), the experiment must be started 
afresh. If all is well, the absorption flask (ft), its pipette and the absorption 
tube ore rinsed out with water into a porcelain dish. Excess of cWoro- 
platinic acid solution is added to the contents of the dish : the liquid is 
then evaporated on a water-bath, and the (NH^ljTtClj is determined in 
the same way as the corresponding potassium salt (p. 80), Dry at J30" C. 

Nolf. Instead of distilling from sodium hydroxide, it is perhaps better to 
distil from slaked lime, particularly when the ammonia is to be determined 
volumetriciilly. The concentration of alkali in the solution in the distillation 

tion by the stronger alkali. ' 

The determination may be controlled by igniting the precipitate to redness, 
and weighing.the metallic platinum which remains. 

For tins purpose the crucible containing the double salt is covered and heated 
very gently for a time. Care must be used, because the ammonium 
chloropl.atinate decrepitates when heated rapidly. The lid is then removed 
and the heat is gradually increased. The contents of the crucible are flnaify 
heated to bright redness, and the residue of metallic platinum is weighed. Tins 
residue need not be w.ashed, became NH^Cl is volatile and cannot remain after 
Ignition. 

« 

Determination of NO* in a Nitrate 

Many methods are available fortlic determination of nitrates, volumetric, 
pp. 133 and 151 ; gasometric, p. 470 ; and colorimetric, p. 24S, Ihvo 
gravimetric methods are described lielow. 

The Nitrate is reduced by Devarda^s Alloy to Ammonia, which is weighed 
as (NH,)jPtCle. 
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out Jiccun»U-ly ulxml 025 j»mi. «f pure KNOj juul dbsol\c it 
in yo ml, of ^\ntcr it« the llask (a) of the nppamlus shown in Fig. 01, j>. 80. 
Tijcn ndtl 0 or 4 gmu of crushcfl Dc\'onla*s nlloy (A1 45, Cu 50, Zn 5). 
The nlloy slio\jhl not bo crushed too fine, imd dust should be removed or 
the subsequent reaction may be verj* siolcnt. The apparatus is set up 
and dilute hydrochloric acid K placcsl in the flask (A), os described on 
p. 83. Place in the funnel (A) some 50 ml. of u concentrated solution of 
sodium hydroxhic. made by dissolving the solid in twice its weight of 
nater. Ilun half the alkali into the nitnitc solution, and heat gently. 
If the action becomes brisk, remove the flame, and, if nccessarj', retard 
the reaction by surrounding the llask with cold >vnter. When the reaction 
is under control, add tJic remaining sodium hydroxide. 

Now heal the contents of the flask for half an hour, but make no attempt 
to distil any of the liquid. During this period the nitrate is being reduced 
to mimumia. After half an hour, gently bnil and slowly distil over half 
the liquid, taking at least a further half on hour for the distillation. If 
the ammonia is to bt determined volumclrically (p. 333), it is most 
im^MiTtnnl Ihnt none of the very conecnlratcsl sodium hydroxide solution 
finds its way into the hj'drochloric acid ; the remainder of the procedure 
is <!evcribcd on p. 8 1. 

When \cry accurate results ore rcqolreil, it is mh'jsablc to carry out u 
blank, with no jKJtassium nitrate present, in c.vitet parallel svlth the assay. 
As many wmples of swlivim hydroxide contain traces of nitnttes, it is 
advisable to treat the original concentrated solution of the alkali svilh 
ft small quantity of the crushes! Dc\*ftrda*s alloy, Tlic solution is slowly 
boiled, and the traces of aminonha produced by the reduction of the 
nitrates arc removed by <h'stination. The solution is then pul aside in a 
slopjHrrcd Ixjltle for subsequent stse. 

Precipitation with 1 : 4'Dipheayl>3 : 6'Cndanilo-4 : 6-dihydro-l r 2 * 4* 
triazolc (Kitron). To the solution to be analysed (which should contain: 
iibnul 1 gmi. of nitmte in a volume of 100 ml.) add a little ncctic acid, 
rs>isc almost to lx)iling nnd stir m 10 ml. of n 10 j>cr cent, solution of the 
reagent In N. ncctic acid. Tlicn cool the mixture in icc-sv.aler for tlircc hours, 
filter it on « lnr«l sinleretl glass crucible, and wash the residue with a 
little coM, saturated solution of nitron in smlcr, sucking the liquid out of 
the cnicihlc well after each wash. Drj' the preelpitnlc nl 305® to 110“ C. 
and it. It has the formuhi CjjlIj^NjjUNO,, nnd contains 10-53 

IXTccnt. of NO,. 

A'o/e. * ■ • ’ ■ with Ijjnlmzlne 

mljilintc I lie prrcjpilnlc^l 

by nhrun ■ Uas'.ium to«Lstc, 

oa«! with ..a.Li, ii. vAunvwivs uiwilvvv ouly If present In 

larKe quantities, nnd u tsirtsxUon for their presenee iiuiy l>c cstjibljsfted (ly making 
a blank drtennln itioti on n knomi quantitv of a nitrate, to wliieh nii nppmjiriate 
qu.'iniit) <if chloride lias l>een ndcfeif. 


Determination of Carbon Dioxide in a Carbonate 
The first juctluHl described l*eIow is trustworthy ; the carbon dioxide Is 
ld*emt«!, nnd is then ntvsorlxsl on»! weightd directly. 

Tlie second method (p. hO) de{K-nds on finding the loss cif suigh! uliuh 
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the carbonate'' undergoes by the Temo^'al of its carbon dioxide. It may 
yield somewhat high results. 

Direct Weigliing. The Carbon Dioxide gas is liberated by treating the 
Carbonate with an Acid } the gas is then absorbed by means of Soda-lime, 
and is weighed. 

The General Description of the Process will be understood by referring 
to Fig. 02. 

The carefully weighed carbonate is introduced into the flaslc (a), and is 
decomposed by acid from a pipette, or, preferably, from a dropping- 
funnel (6). The carbon dioxide which is evolved passes through 
concentrated sulphuric acid in the glass-bulb apparatus {d), and then 



through the tube (c), in whicli it is freed by anhydrous copper sulphate 
from any liydrogen chloride which may be In the gas stream. The carbon 
dioxide is absorbed by the soda-lime contained in the weighed tube (/). 

The tube (g) contains calcium chloride, and is intended to pre\'ent water 
vapour from passing back from the aspirator to the tube {J). The aspirator 
bottle (ft) is used to draw air through the whole apparatus at the end of 
the process, so as to carry over all the carbon dioxide into the absorption 
tube (/) ; this air is freed from carbon dioxide by passing through the 
soda-lime tube (c) on its way to the funnel (6) and the flask (a). The 
tube (/) is weighed at the end of the process, and the increase in its weight 
gives the weight of carbon dioxide which has been evolved from the knmvn 
weight of carbonate. 

Detailed Description of the Apparatus. The apparatus consists of n 
250-ml. conical flask (a), which is fitted with a rubber bung bored witli 
two hole^. Through one of the holes passes a dropping-funnel (6, Fig. 01, 
I>. 83), oiNa 50-ml. pipette (Fig. 02, b), the lower end of which is drawn out 
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to n fine point. The huib of the pipette is fillctl with the dilute ncid, 
which Inter on is to decompose the carbonate, and its lower end is just 
above the bottom of the flask. TIxis is on important point, because any 
CO, in solution in the acid in (n) is Tcmovc<I fairly quickly if air is dmsni 
through the liqtnd. Such an arrangement also prevents escape of gas 
throtigii the pipette. 

Tlic upj>cr end of (l>) is conncctcrl by a piece of rubber tubing to a }.o<la- 
lime lu\)c (c). If (b) is not fitted with a stop-cock, a screw clamp on lliis 
rubber tube is used to control the rate at wliich air is drawn through 
tJic apparatus. The sod.i-ljme in the tu1>e (e) frees this nir from rarlion 
dioxide. A piece of bent glass tube is pushctl just through the second 
hole of the rubber stopper in the flask (o), the lower end of the tube l>cing 
cut olt obliquely (see Fig. Ct, p. 83), Attached to this tulw is a train of 
bulbs and U-tuljcs ns follows : 

The bulb-lul>c (d) contains concentrated sulphuric acid : this dries the 
gas, and also nets ns a gauge to Indicate the rate at which the gas is 
jjnssing over from the flask (n). Uebig’s or Geisslcr's potash-bulhs sers’e 
well for this purpose. Tljc sulplmric acid should half fill the three loieer 
bulbs. 

The U-tube (e) has the limb farthest from the bulb-lube (d) fdlctl with 
gmnular-lulic calcium cliloride (sec p. 88). The other limb of this 
U-tuhe is flllwl w'ith dehydrated copper sulplmtc-pumicc (p. 88) whicii 
nbsortis any ItCl whicfi may fie gixxn ofl during the licating of tfic liquid 
In the flask {a). 

Tlic stopjicrrxl U-tulie (/), which Is the alisorplion tulic for the CO„ 
has the limb nearest to the copper sulphate tulic (0* fhe licnd, and half the 
other limb filled with fio<la*llmc, or wHli soda-asbestos; the remainder 
of the tulie Is filled with solid calcium chloride. Tlic sodadime in this 
tulic liccomes hot when it absorlis CO,; any moisture wlifcli is tlien 
cxpcllctl is nbsorlieii by the c.alcium chloride, and loss of moisture from the 
tulic is prcvcntcii. 

Instead of soda-lime or soda-asliestos, a set of Ocissler Imllis containing 
jJO j>cr rent. IfOII r.m lie useil for csdlccting the CO,. An additional 
DiCl, tulic should tlicn be iiitro«hicc<! next to these bulbs on the side 
nearest the aspirator. This tulie will then retain any water rtmovctl from 
tlic pot.asli. • It should lie srcigheil with the Ocissler bulbs. 

Tlic tulic (g) Is filled with granular chloride. Its purjmse is to prevent 
water sTijKiur diffusing hack from the nspinitor (/i) to the weighed tulie (/). 
The tulic (g) is not weighed, and it (s not csmnrctcsl to the aspimtor until 
llie estilutinn of CO, lias ceawi niul ft fiecomes necessarj* to draw air 
through the appimlus. 

The Winchester lioltle shown in Fig. r,2 cun Ik* repl.icnl by u ansb- 
Imtlle. A length of nililicr tubing fltleil sxlth n clip Is iUtnrhe<! to the 
glass lijficof the bdtJc llirough wliich It fs custoniarj* to Mow. The otlier 
tuU', tlic usual outlet tulie, is attneliesl to the List CaCI, tufic (g). A 
stream of nlr may lie ^lnrte^l through the apparatus by sucking gently at 
the end of the rublier tulie. 

rrrpxralioa of tbe AhJorpUoa Tabes. A eonsenlcut form of U-IuIk* for 
fsmt.sluh »2 w>li<l ftl»orl<riits Is ihowu In Tig. Ig|. Tills lobe Is thonmahlv rlnnirtj. 
tin«fsi xsUlulUtlllftl water nrul drietl. As tlie »li«OTl>rnt nimt Rivas’s lK;*iirotrrtfsl 
from Uie air, the vertical limits nre close«l •with rublier bungs or with waxed 
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corks, and the side*tubes are capped with short pieces of rubber tubing dosed 
with little plugs of glass rod. The side tubes are only uncapped when the 
U-tube is in use or tchile it is being zeeighed. 


completely stop the passage of gas, must be absent." 
Suitable granules may be produced in the folloiving 
marmcr : The tump solid is coarsely crushed in a 
porcelain mortar, and this powder is then shaken on 
a perfectly dry and dean brass-wire sieve of twenty 
strands to the inch. The powder which passes through 
is rejected. The remainder is freed from large lumps 
by passing it through a coarser sieve of eight strands 
to the inch. The partides which pass through this 
sieve are used for tilling the absorption tubes. Tlie 
larger pieces, which do not pass through the coarser 



Fig. 63. Absorption 
Time. 


sifted. I • I , , 

The If ! ■ ‘ • “ ‘ 

the side-tubes enter. Loose plugs of glass-wool are then inserted to prevent 
the solid particles from entering the side-tubes. TTie vertical tubes are then 
•s.stoppered and the whole made gas-tight by brushing round the rubber-glass 
jha<^on OTth molten paraffin wax. If corks are used they must be completely 
^vaxed^yer. A glass-stoppered U-tube, which is commonly used only when 
weighing'ls ue^ssarj’, may replace the ordinary absorption tube (see Fig. C3). 

The Copper SalphateoPamice, for the tube (e), is made as folIou*s : I’umice 
stone b ^nulated by grinding and sifting it as described above. It b then 
heated 'irtth a moderately-concentrated solution of copper sulpliate, and the 
liquid is poured o(f. The pumice, which is now saturated with the solution, b 
heated in an air-oven to 200* C. until the blue colour of the copper salt Itas 
disc ''^i^d. 


cf « * 

V; • dvs ; Dbsolve 60 gmi. of sodium hydroxide 
M iron crucible. Then stir in 100 grm. of 
ness and then heat to redness. Cool. Crush 


four times ns efficient os soda-lime and to be 
capabic-w..^ (of its weight of CO,. It b made by dbsohdng 

100 grm. of sddinj.-, /in 100 ml. of water. Then 100 grm. of pulverised 

sodium hydroxide for evei^JSO ml. of the resulting solution arc stirred in. 
Shredded asbestos b added, with stirring, until no more can be wetted. The 
mass b next heated in an air-oven near 170* C. During the early stages of 
heating itj appears to become more liquefied, and shredded asbestos b stirred in 
from time, to time until no more can be wetted. The heating at 170* C. should 
Vf.ir.1 /^,'f on for four hours in all. The material is then allowed to cool, and 
lube (/) iSq g 10-mesh sieve. 

gives the lestos is sold under the trade name of Ascarite. 
weight of c 

_ he Apparatus (Fig. 62, p. 86), As soon as the apparatus has 

® ^ , it should be tested to see whether it is gas-tight as follows : 

•o m , con attach a piece of glass tube, which dips into a beaker 

,PPb' gentle suction at (c) to make the water rise about 15 cm. 
p. ooj, or a 5 * * 
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In the ginss tube, and then cIo<e (b) wth tJic stop*cock or screu* clamp. 
If tlic level of the water in the tube remains constant for two minutes, the 
}i()paratus is air-tight. Any leak must l>e tlisco\ cred and stopped, probably 
by the replacement of a faulty piece of nihber tubing. 

Procedure. The absorption fe first wiped clean and drj% carefully 

sscighed and placcil in the train. About 1 grm. of precipitated calcium 
carbonate, or of Iceland spar, nccumtely weighed, is placed in tlie flask (a). 
Then approximately 30 ml. of hydrochloric acid, made hy diluting the 
concentrated acid with three times Its volume of water, are put into 
the dropping-funnel orpi{>ctte. Tlie bung canying (i) i« then put into the. 
neck of the flask and is boimil dotvn, if nccessarj', hy tliin wire. The 
aspinilor (A) is not attached until later. 

The clamp above the pipette, or the stoji-eock of the dropping'tul>c, is 
now slightly opened, and the acid is allowed to drop slowly upon the 
calcium carlionatc in the flask. Carbon dioxide will I>c evoh'cd, and 
uill dri\c the air out of the flask. The bubbles should pass througb 
the sulphuric acid at such n speed that they can be counted e.isily. 

When no further cffcrscsccnce occurs, the aspirator is attached, the 
clamp nlwvc the pipette (or the stop-cock) is opened, and a slow stream 
of air is drawn through the apparatus. At the same tinie the flask is 
healed gently until the liquid in It just docs not boil. The carbon dioxide 
In solution Is then cxpcllwl. The current of air displaces the CO, from 
the flask, the hullis, and the first U-ttilic, and carries it into the absorption 
tulK* (f). The spcc<l of the air current is so regulated tliat the hiihhics 
ran Ik? emjnted as they pass ihrougli the h«ll>-tul>e (d). 

In order to make sure Hint the whole of the catlion dioxide has liccn 
rolleclrd, a volume of air, equal to aliout six times tljc onpacjly of the 
apparatus, should lie drawn I hrough It. The U-tulx* (/) is then disconnected. 
The hloppcrs arc at once turned so ns to close tlic .sidc-tulics ; or, if an 
onllnarj' U-tubc has l>cen usetl, the rubber caps arc slipjwil over t!»e sidc- 
lulx-s. Tlic tube is nllou'Cil to cool to the temperature of the room (allow 
half an hour) and is then weighoil. In verj’ nccurnfc uork the U-tul>c 
should Ik? kept in the bnlancr-casc licforc the final weighing and nho 
l>cforc the initial sveighing, so that the tsvo nrc made under exactly the 
isnme eondtllons. ANo it shoiihl Ik? sveighed against n counterpoise IuIk* 
of the same sir^c ami shajx? and contniningnppn»\/inatoly the same quantity 
of the materials. The increase In weight is the weight of CO, originally 
present In the ealeium watiHmate taken. 

Determination o! Carbon Dioxide by Diflcrcnce. The Carbon Dioxide 
gas is driven off by treatLog (be Carbonate with an Acid, and (he loss o( 
weight gives (be amoant of Carbon Dioxide In (he Carbonate. 

It Is n general principle of (pmiititutlve analysis that when n comjxiimfl 
Is tlrisen off during mi nssay, it is inueh num* nerurate to colleel nml 
aejgh that eofii|>oiind than f« flm) ils wTiglit hy differmec hy urighing 
thr nrfginnl vessel ami nfirr the c\i*rrimrnt. The first metlioil for 

drfrrmlnhig CO, Is Iherffort* more nmmite than that now to Ik* dcseril>cil. 
Whrn the dilTcrem'f nielhfn! in used it isdilflruU to Ik- certain that all Ihe 
i O, lias «lri\en off nml that iintlihig «thi r th.iii I'O, (sue h as «ati-r 
Vi>j«Hif) has ln'cn h*st. 
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The carbonate is sometimes decomposed by dilute HCI or HNO,, but 
the method is better suited for the determination of carbonates which can 
be completely decomposed by H5SO4. As heat must be used to drive out 
COj from solution, almost necessarily a certain amount of a more volatile 
acid will be lost and the results will be too high. Hydrochloric acid, how- 
ever, can be trapped in a tube containing copper sulphate-pumice. 

The apparatus described below can only be used successfully after 
much practice on a standard carbonate. The optimum conditions must 
be found and these conditions must be adhered to rigidly. 

A modified Form of the Schrotter Apparatus is slio^vn in Fig. 64. It 
should be made of thin glass, and its total weight should be less than 
50 grm. It consists of a dish.wth a ground-glass lid, in which the carbonate 
is placed. Passing through the lid of the dish are a leserv’oir (pro^^ded 
with a stopper and tap) and a gas-washer. 

The reservoir is filled with dilute acid. By removing 
the stopper of the reservoir and opening the stop-cock 
this acid is introduced into the flask, where it reacts ' 
with the carbonate. The liberated carbon dioxide 
passes up through the inner tube of the washer, whicli 
is half filled with concentrated sulphuric acid. The 
gas passes do\m again and escapes 'through two holes 
at the bottom of the inner tube. 

The percentage of CO^ in sodium carbonate can be 
determined by this method. The salt is conveniently 
prepared in a pure state by heating pure sodium 
bicarbonate to dull redness in a platinum crucible. 
Weigh out accurately about I'grm. of the prepared 
place it in the dish. Fill the rcsers'olr 
Apparatus. 20 per cent, sulphuric acid. Tlien weigh 

the whole apparatus as accurately as possible. Run 
the dilute acid slowly upon tlic carbonate. Bubbles will at once pass 
through the washer. Their speed must be so regulated that they can 
be counted easily, or otherwise the gas will not be dried completely. 

Wien all the dilute acid has been run into the flask and bubbles of 
gas no longer escape freely, the apparatus is placed on a closed water-bath. 
At the same time an aspirator (p, 80), is attached to the outlet of the 
.washer and a slmv stream of air is dra'wn through the apparatus. The 
volume of air used should be about ten times that of the flask, and it is 
advisable to interpose a calcium chloride drying-tube between the 
apparatus and the wash-bottle. Then allow the flask to cool to the 
temperature of the room, and weigh it under exactly the same conditions, 
ns before. "Wlien standing prior to weighing, the apparatus must be kept 
closed, but, if a rubber cap is used, this must be removed before the 
actual process of weighing. The loss in weight is the weight of tlie carbon 
dioxide. 

As verj' few carbonates arc quantitatively decomposed by dilute - 
sulphuric acid, hydrochloric acid must often be used in its place. Some of 
this acid will be carried over by the stream of carbon dioxide, and a tube 
containing pumice impregnated with anhydrous CuSO^ (p. 88) should he 
attached to the end of the washer and weighed with the apparatus. 
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Determination of CjOt in an Oxalate 

The Oxalate ia mixed with Manganese Dioxide, and the mixinre is heated rrith 
Snlpharic Acid. The weight ot the CO^ CTOlved is found b7 absorption in Soda* 
hme. inie weight of the COt evolTed is equal to that ot CiO* in the oxalate. 

Tlic following equation represents the reaction : 

ir,C,04 + MnO, + II.SO* = SCO, + 211,0 + MnSO,. 

The B.nine apparatus is used as for the determination of carbon dio'tide in a 
carbonate by the al»sorption method. 

Weigh out nccumlcly about 0 C gtm. of fmely-iV)wdcrc<l, pure potassium 
tetroxalate, KlIC, O,. II, C,0,. 211,0. nnd mix it intimately with alwut three 
times its wciglil of flnely-powdcrM manganese dioxide, which miLst be free from 
carbonate. (Sec Sole.) Introtlucc this mixture into tlie decomposition flask. 
Acid to it dilute sulpliuric ncicl, and proceed as described on p. 180 ; start tlic 
decomposition liy heat. 

yote. If any carbonate is present In the manganese dioxide, tljc fincly- 
IKjwclcrcd dioxidcsiiouid be iic^ct^ fornl>out fifteen minutes with a small quantity 
of >ery dilute sulphuric ocitl. The oxide Is then washed free from arid, and 
dried. ’ 

A Volumetric Method for the detemunation of nn oxalate is given on p. 157, 
ntid nnoilicr OraTlmetric Method is described on p. 71. 

Detennination of Water, present in the Free or Combined State 
or the four methods dcscrllnxl below the first nnd second npply to 
sulrttanecs which lose nil their water, but undergo no further change in 
cofni)osltlon, svhen they nrc hentcsl. The water mny Ik? detennined In 
such cases hy the loss of weight whicli the substance undergoes. 

The third method is generally applicable, but it is used necessarily 
for huljstanccs which, when tlicy arc hcatcil, not only lose their water, but 
uIho uttdergo further chemical change involving nUemllon in weight. 
Many pure comi>ounds nnd the great majority of ores, minerals, coals, 
etc., iK'lnng to this das'.. Ex.nmplcs arc ferrous sulphide nnd ferrous 
catlwnalc, which increase in weight l>y oxidation when they arc heated 
in tlic nir; llic latter nl<:o undergoes change of wciglit by loss of CO,. 
The wiitcr csnlvcil svlicn such sul)stnnccs arc heatcil miLst be collcctwl 
aiul wcighc*!. Tlic difference mclhoi! is useless. 

Till* fotirtlv metUosl applies to tltc detennination of water in those 
siil»stnnces, Mich ns certain nnncmls, whicli lose only water nn<l ctirbon 
dlnxldc when they are hcateil. A volumetric mctliodjs doerilxxl on 
p. too. 

The Substance is dried by Heating it in & Steam-oven or other anitable 
apparatoa, and the loss of weight is found. 

This inctluKl is applicable to sulistanccs which lose their moisture, 
withnui umlcrgtiing fiirtlicr chcmiesil cliangc, alien they arc hcnteil 
inoilenitcly. 

Wcigli out ncainitely nlxiut 1*3 gnn. of crj'stalliscd ox.nlic acid, ‘ 
II, (’,04,211,0, between a srciglicd pair of watrh*glasscs wjtli clip (Fig. 7, 

|). 11). Tlirn remove the upper glass and clip, nml heat the lower glass 
conUiining tlic MilKlnncc fur two hours in slcam*ovcn. Ilcplnec tlie 
uj*j*cr gl.iss nnd tlic clip, anil wcigli the glasses with tlirir contents, after 
tiiry lia\e cswlnl in n desiectitnr. llcprat the nlxjvc process of lieatlng, 
oKiling nml Weighing, until two »ucccssivc sveighings gi\c llic same rt-snlt. 
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'J’lu' watiT which can he exijelletl at 100® C. is then known to have been 
completely removed, and its i>ercentagc can be calculated. from the 
difference in weight. 

The Substance is dried by Igniting it, and the loss of weight is determined 
by Biiference. 

This method is applied to substances which lose all their water without 
undergoing further chemical change, when they arc heated at a high 
temperature. It is generally to be preferred to any other, if tlie nature 
of the substance to be dried permits, since it is carried out with ease and 
rapidity. 

Weigh out accurately about 1 S grro. of finely-powdered, pure, 
reciystallised barium chloride, BaCI„2HjO, into a platinum cmcible of 
known weight. Heat the covered crucible gradually over a small Bunsen 
flame, slowly raising the temperature until the bottom of the crucible 
is at a dull red heat. Remove the lid and keep the crucible at this 
temperature for at least fifteen minutes; then allow it to cool in a 
desiccator, and weigh it. Repeat the above processes, heating for five 
minutes only, until two consecutive weighings give identical results. The 
water has then been expelled. 

The Sabsiance is heated to a suitable temperature and the Water Vapour 
is conveyed by a stream of air into an Absorbent Substance and weighed. 

This method applies to substances which lose their water when they 
are heated, and whicli also undergo a change in weight during the 
process owing to some other chemical change. 

Deseriplion of the Apparatus. A Iiard glass tube, about I cm, in bore 
and IS cm. in length, has a bulb about 4 cm. in diameter bIo\m in its 
middle (Fig. C5, a). The sharp edges of the ends of this tube are rounded 
off in the blowpipe flame. TVo U-tubes are filled nearly to the level of 
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their side-tubes with granular calcium cldoride ; glass-wool plugs arc 
then pushed into each limb, and tlie open ends are finally closed with 
sound corks, which are cut off level with the glass, and are then brushed 
over wth molten paralfln wax. A full description of the filling of the 
U-tubes and of the preparation of tlie calcium chloride will be found on 
p. 88. If carbon dioxide is evolved when the substance is heated, it is 
important to ensure that the calcium cldoridc is free from calcium oxide. 
The Uitubes are then fitted to the bulb-tube (fl) by rubber bungs. To the 
arm siae of the tube (c) farthest from the bulb is attached a small bubbler 
(not sh^vn) containing concentrated sulphuric acid, to indicate the speed 
at whiclKair is passing through the apparatus. An aspirator (p. 80) is 
attached to the far end of the bubbler. 
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■ ■ 1 . , fi . • the drying-tube (6) 

. ■' :■ • ■■ iirmoractCE must be 

. . * • ■ « ‘ermined is weighed, 

■ ‘ ■ ■ the end (d) to the 

Some substances, certain tj^^ of coal for example, react ^vith air at 105® C. 


Brush and Fenfield^s Method for the Determination of Water. The 
mineral or other compotmd is heated in a bulb-tube of suitable material 
and the water evolved is collected in another part of the tube and weighed. 
Before choosing a tube it is best to carry out some preliminary experiments 
possibly by heating the substance in air to constant weight, to determine 
the minimum temperature required. The choice of material for the bulb- 
tube — PjTex, hard glass, or fused silica — Is governed by this temperature. 

Take a piece of siiitable tubing some 25 cm. in lengtli and about 0-6 cm. 
internal diameter and blow a small bulb on the end and two bulbs near 



ciirz^ 

Fio. CO. Penfielo’s Method tor Water. 

the centre (Fig. 60). The open end of the tube should be partly closed 
by a piece of capillary tube connected to it by n piece of rubber tubing. 
This tends to prevent convection currents. Clean the apparatus 
thoroughly, and dry it by heating it and at the same time drawing a 
current of air through it. Even if the tube looks dry, this drjing in air is 
probably necessary. Then make a thistle funnel ^vith a long stem which 
can reach right into the end bulb. This stem must he air-dried on the 
inside and reasonably dry on the outside. 

Weigh the tube. Then weigh out approximately 1 grm. of the substance 
to be examined and introduce it, vid the thistle funnel, into the end bulb. 
Weigh the tube and substance accurately. Clamp the apparatus hori- 
zontally and close it with the capillaiy' stopper. Fix an asbestos shield 
between the bulb end and the nearer of the centre bulbs to prevent these 
bulbs receiving an excessive amount of heat. Wind round the centre bulbs 
a lamp wick soaked with cold water, the ends of wliich should be left 
dangling in cold water. Then heat the substance to the required tempera- 
ture for at least fifteen minutes. If the tube shows signs of collapsing it 
may be turned round gently, or it may be wrapped with platinum foil. 
Any water evolved will collect in tlie centre bulbs 

^Vhcn the action is over, seal a small piece of glass tubing, as a handle, 
to the hot bulb, and drive away any moisture which may be too near the 
end by heating carefully. Then collapse the tube in the flame somewhere 
between the end and the centre and draw off tlie end bulb and the spent 
substance. If the substance is allowed to cool before it is se.aled off, It 
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«-j|l M-r)' j)n»1».»l>!\' unite a^.iin with *!omc of the «nt«T ^^hk■ll has l)ccn 
cxpHletl. 

After the i)icec of lul>e contnining tlic water has cxK>Ie(l, rcruovc the 
wick nn<! wipe o\er tiic glass. Ilcmovc the eapillarj* stopper and weigh 
the tul>c and the water. Then remos'e the water by warming tlie tube 
gently and at the same time dnuving a ctirrcnt of air through It. .Allow the 
tul)e to eool. Weigh it. 

Determination of Cadmium in its Soluble Compounds 

The Cadmium is precipitated as Sulphide* CdS, and is converted to Sulphate, 
CdSOi, and weighed os such. 

For pmetiee weigli out accurately about 0-5 grm. of pure rccrj'.stalliscil 
eadtnium i<Kli(Ie, Cdl^. Dissolve it in obotit 250 ml. of water, and add 
2 ml. of eoneentmted IIjSOj per 100 nil, of solution. Heat the «iIution to 
80* C., and pass in hydrogen sulphide until the liquid smclU strongly of 
this gas. After nlxml thirty minutes filler the CdS on an onlinnrj' filler- 
paper, and make certain that all the cadimum has Iwcn precipitated, by 
ililiiting a |)ortion of the filtrate and passing H^S through it again. If no 
further precipitation occurs, wash the precipitate with dilute hydrogen 
hulphidc solution. 

Transfer ns niueli as jiossihlc of the precipitate to a small, sreighed 
IKiirelain dish, which should be unglareil on the outside. Heinosc the 
residue from tlic paper by washing srilh successive small quantities of hot 
IICl diltitnl witli tlifi*c times its own volume of water. Collect the runnings 
in the dMi and wnrcu until nit the precipitate has dissolvetl and the smell 
oflljS has dis:ippcarcd. 

Add a ino<leratc cxccvs of sulphuric acid ililuted witli Its own volume 
of water. Cfircfully cs'niKinitc to dryness, and then heal to just liclow 
red heat, preferably with the small dish in a somewhat larger didi. Tlie 
residue of culmium sulphate should 1»c pure w hitcj if it is slightly yellow* 
It has proliably l>een ignited at too high a tcnn>cmlnrc, and tlierc is some 
oxide jiresent. In tliis event, moisten the residue with a small quantity 
of ililute sulphuric acid and again eswpomtc to drj-ncss, Igniting at a 
slightly lower !cmi>enitiire. 

. If. ns svith endiniuin Icxlijlc, the radinhim Is present in n solution from 
whirh all oilier sulistnnces can l*e cxiK?ne<l by fuming srith sulphuric acid, 
the preeipitalinii w'ith liydrogen sulphide Is unncccssjuy and tlic sulphuric 
nciil esiri iKrnihlol st might away. It Is not advisable to collect the cnilmiuin 
siilpliidr ntnl wcigli It, lieaiusc the precipitate is not of constant conqKisi- 
lion. It almost invariably contains double salts of the t}q>c 01,0,8. 

An Electrolytic Method for the elctcmiination of Cd is given on p. 232. 

Determination of Antimony in it5 Solutions 

The Antimony is precipitated as Solphide, Sb,S„ and is weighed either as 
tneh, or, it it is present in small quantity, as the oxide, SbjO^. 

Precipitation as Sulphide, 5b,Si. and Petermination as such. Alxnit 
0 5 gnn.«>f anhydrous tartar rmrtic, K(.SliCJ)C, 11,0, , is aceumtely welgtinl. 
This i-i disvds cxi In nN)ut 200 ml. of distillnl srater In n conical fkisk, and 
enough cxintTntmtesl IICl is nddcsl to bring the IICl content to 20 jkt 
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fcnl. of the whole volume. The flask is then plaeed in a vessel of boiling 
water, and a slow stream of IIjS is passed through the hot solution." If 
the temperature is too low, tlie precipitate will be difTicult to handle j if it 
is too high, antimony will be lost The method described produces 

a suitable temperature, and the precipitate, yellow at fust, finally becomes 
dark red. The solution is diluted with an equal volume of water, and if 
tlie liquid becomes turbid, more H^S is passed until the liquid is perfectly 
clear. The precipitate, which will be a mixture of SbjSg and Sb^S,, is 
collected in a Gooch or alundum crucible, and is washed with water 
containing a little lIjS. The precipitate is next washed, first with water 
to remove acid and then svith alcohol. Next, air is drasNTi through the 
crucible until the precipitate is dry. 

The crucible is now placed in a wide glass tube, closed at one end, 
and about 20 cm. long. The other end of this tube is closed by a 
rubber bung which carries two tubes, an inlet and outlet tube, for pure,- 
diy, carbon dioxide. The tube and crucible are now heated near 130® C. 
in a slow stream of carbon dioxide for lialf an hour, and then raised at 
280® to aoo® C. for two hours. During this time any SbjSj decomposes to 
SbjS, and the liberated sulphur volatilises. The crucible is then cooled 
in an atmosphere of carbon dioxide, because the hot sulphide is easily 
oxidised by the oxygen of tlie atmosphere, and weighed. 

A convenient method for heating the tube containing the crucible 
is as.follows J A piece of sheet asbestos h placed as a* false bottom In a 
deep iron pot, which is to be the heatlng*ovcn. A thermometer is bound 
to the outside of the tube with iron wire in such a way that the bulb is 
ns near os possible the crucible. TIjc tube ^vith the thermometer attached 
to it is puslicd through a hole in a second, somewhat larger, piece of 
asbestos. This fit should be good. The bottom of the tube Is then rested 
on the false bottom of the pot, and the second piece of asbestos is pushed 
dow'n the tube to form a lid to the pot. The tube should be so slanted 
that it is about SO® from the vertical. The iron pot is heated on a ring 
burner. 

An electric tube-furnace large enough to contain the wide glass tube is 
ideal for drying the precipitate. 

Note, Both antimony pentachloTide and antimony trichloride are extremely 
volatile compoxmds. The loss of antimony at temperatures so low os 110 C. is 
quite appreciable, and miicli n\ctal can be lost by evaporating a solution in 
coiieeutrated IICl to dryness. These facts must be remembered when experiments 
with antimony are being carried out. 

Precipitation as Sulphide, SbjSj, followed by convcr«on into 9”,^^ 
Sbz 04 , and Determination as such. The antimony compound is precipitated 
ns sulphide, as described. The sulphide is collected in a filter-paper and 
washed with HjS-water and dried at 100® C. As much as possible of 9‘C 
precipitate is transferred to a small, treighed dish, of 30 ml. capacity, 
unglazcd on the outside. IVet the residue on the paper and transfer i 
to the dish, by washing it throngli with successive small quantities of 
boiling ammonium sulpliidc solution which must have been ires ly- 
prepared by saturating dilute ammonia witli HjS. Evaporate carefu 1> o 
dryness. \ * , i- 1 , 

The sulpjiid^^is converted to oxide os follows : Place the s 
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rontiiinin^ tlir nntiniony nn»l a siiitilar ilKh contaluin;; funiinj; nitric acul 
(np. j*r. I'S) side by side on a sheet of glass cover them with a bell-jar, 
and leave them overnight. In this way much of the sulphide is quietly 
oxidi^l nn«l any violent reaction is ns'oidc<I. Then add cx)ncentmtc<I 
nitric acid to the residue and cva|X)ralc ncsirly to dn.-ncs> on a %vatcr- 
Uath. Add a little water, and then nminonia until tlie solution is alkaline, 
Btid cva|>onitc tc) diyness. The residue should l>e while. 

Ignite the precipitate slowly until the sulphuric acid, producctl by 
the oxidation of the suliihur, is expelled. Finally heat it at 800® C., 
nt dull retl heat for half on hour. This final heating can conveniently be 
carried out in a nniflle furnace in an oxidising atmosphere, but it is most 
ImjKirlant that no partly-burnt gas esnnes in contact with the oxide. The 
ShjOj is very easily reduced to ShjO,, tthich is volatile, and antimony will 
be lost. 

Volumetric Methods for the determination of antimony are given on 
pp. 108, 182 and 280. 

Determination of Arsenic in Solutions containing this Element in 
the Arscniotis Condition 

The Arsenic is precipitated os Arscaions Sulphide, A5,S„ and is weighed 
os such. 

■Wcigli out accurately nlwut 0 5 grm. of pure rcsiihliinwl nrsenious 
I oxide. I’laee the sutistancc in n SOO-ml. flask, and add about 50 ml. of 
dilute hydrochloric nci<l. Heat the flask on a watcr-halh until nil the 
solid is dissoKcil, care licing taken that the temj>cr»ture of the solution 
iloos not reach 100® C. If this tcm|»cralurc is excelled, some of the 
arv'nic U’ill tie sol.itllised ns chloride. 

If nay As,0| is present, ndd a few drops oriailplmrous acid solution to convert 
the AS(0> into As^Oj, niid tiica heat the fisi-sk on n v^alcr-b.'ith until nil Binoll of 
hO, has dis.ipfw.iretl. 

CfKil the liquid, nnd dilute it considerably with conccntmletl IICl diluti'd 
with its own solumc of water. I’rrcipilatc the arsenic as .\sjS, by passing 
hydrogen ^ulph^de gas IbrougU the e*>ld wdulion. 

After the covcnnl lienker has htiKxI for nii hour, collect the prccipiUite 
in a niter-crucible. Wash it with n Milutioa of hydroehlorie acid diluted 
with Its own solinnc of water, which has l>ccn s.atunite«l witli IIjS. Next 
wash it with nlovdiol and then with csirlum disulphide to remove any free 
sulphur. Drj* the precipitate nt 105® C. to constant weight. 

Another Gravimetric Method fur the determination of nrsenic is given 
cm p. TU. volumetric methods on pp. ICO. !82niul 258, nnd a cnlorimelric 
method on p. 2 IK. 

Determination of Tin in a Stannous or Stannic Compound 

The Tin is obtabed In solution in (he Stannic form and is converted to 
(he Dioxide, SnO„ by hydrolysis. 

If no *-111 or nll<»y ctmtalnlng n ktiovrn |wrcrntngc of tin is nvaiLible, 
It Is l>r»l ft» an rxrrciw to start with purr, inelnlllc tin. Weigh out nlmut 
eKt> mst. ^ 
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()•;{ gniK <»f the mcta! and dissolve it in u 500-nil. beaker in 20 ml. of dilute 
hydrochloric nckl. In order to convert the stannous chloride so produced 
to -stannic chloride, add 5 ml. of Iij^rogcn pero.vide to the solution and 
warm. It must be remembered that chloride solutions containing tin 
must not be boiled because SnCl, is volatile in steam. 

Dilute to .‘{00 ml. and titrate with a dilute .solution of ammonia, using 
methyl orange ns indicator, until the .solution is neutral. Then add 20 grm. 
of XHiNOj ns a concentrated solution. Heat the contents of tlie beaker 
just below boiling for fifteen minutes, and then leave in a warm place until 
the precipitate has settled and the solution is clear. 

Collect the precipitate on an ordinarj- filter-paper, washing it with hot 
water to which a little nitric acid and ammonium nitrate have been added, 
until the filtrate is free from chlorides, Drj' the precipitate and filter- 
paper and burn the paper apart from the precipitate. Use a porcelain 
crucible, because there is some danger of the SnOj being reduced to tin, 
which would alloy with a platinum crucible. Moisten the cold residue 
with 2 drops of concentrated nitric acid. Cover the crucible, and heat it 
carefully to expel the excess of acid. Then raise the temperature to a red 
heat for a short time. Cool. Repeat the treatment with acid, heat strongly 
for a short time, cool and weigh. 

Care must always be used when damp SnO^ is being heated, because 
the dioxide spatters verj' easily. As It is also easily reduced to the metal, 
it must always he shielded from unburnt gas and heated in an oxidising 
atmosphere. 

Volumetric Methods for tlic determination of tin are eiven on pp. }(tS and 182, 
and are usually to be prclerrod to the gravimetric metliod. 

Determination of Mercury in its Compounds 
Three methods arc given. In the first, the mercury is separated, and 
weighed as metal. A modification of this method is described on p. 200 ; 
the mercury is separated from Its sulphide ore by licating the ore with 
iron filings, then allowed to amalgamate a sheet of silver, and weighed with 
tlie silver. 

In the second method the mcrciirj' is precipitated and weighed ns 
sulphide. This is useful for solutions of mercuric compounds, and for the 
.separation of mercury from metals wliich are not precipitated by hydrogen 
sulphide. It gives e.xcellent results, but if nitric acid is present, it is best 
to use tlic tliird method, because any attempt to remove nitric acid by 
evaporation in the usual way results In the loss of a considerable proportion 
of the mercury. 

In the third method the mercury is precipitated from n .solution of the 
mercurous salt ns HgjCIi, and is weighed as such. 

The Mercttry Compound is decomposed by heating it with Calcium Oxide, 
and the escaping Mercury vapour is condensed, and is weighed as Metal. 

2lIgCl, + 2CaO 2 CaCl, -f- 2 llg + O,. 

The reduction is carried out in the apparatus shown in Pig, 07. A piece 
of c-ombustion tube, about 1 cm. in internal diameter and about 50 cm. in 
length, Is clowd by dmwing it off at one end (a) in the blowpipe. Powdered 
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nuiRru-sitc !>* inlrcMluml into the clcim, dry ttilw to h)mt t\ Inver enu in 
Irnsth (rt-fc). 

AIkhiI 1 {.'rm. of pure mercuric chloride is then wcishetl nccumtcly, 
nnd is jni\e<l intinintely witli powdcrctl quicklime in n \X)rcclain mortJir 
{Sole 1). This mixture is inlttxluced Into the tulx: {b-e), nnd the mortnr is 
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rhisnJ out with n little more c|uickltmc, xvhich is niso trunsferred to the 
tulu' (r-d). The tu1»c is then filled with powdcrcil quicklime to within 
.'i cm. of Its open end, the |Kiw<ler lieinji kept in its place by pusliing in n 
loose plujj of nsl>estos nt (r). 

The »ipen end of the ttil»c Is now drawn out in the blo%sq)ii>c finme nnd 
Ik-uI oliUquely ns shown In the figure. A passiigc along the whole length 
of tlic tulK' Is formetl by holding the IuIk* horizontally nnd tapping it 
gently tijMjn the Ix'nch. The tnl»c is then laid in n (‘oinbustlon furnace 
(p. 42S) on an inm troiigh covcrtxl with nsljcstos, so that the end of the 
iHTit Itj1»e dips just l)cncnth the surface of water in a small sNcighcd l>cnkcr. 

The front j>ortion of the tul>e (r*rf) Is now gmdually henterl to redness. 
The heat Is then slowly c.xtcnde<l to that fiart of the tulv which contains 
the mercury comiX)Un<l, and this is heated until the whole of the tul>e 
from (0 to (h) is at a bright retl heat. In this way the mercury Is bcI free 
in till* fnnti of s-apour. which Is eondense<l to liquid as it passes Into the 
wutir in the l»cnkcr. The magnesite In (o*h) Is finally hentetl tt* retlness so 
as to pnalucc a stream of carlxin dioxhic gas. srhich sweeps out the last 
traces of mcroiry s-npipur from the tiilic Into the water. 

While the tulK* is still rc<l liol, the narrow dcli\ cry tul*e Is c»:t off at 
the Ik-juI hy mcpms of a cold file, nnd any mercurj* which has condensed 
In tids portion of the IuIk* Is wushnl «nt nnd n*ldcil to the main |H)rtinn 
In the l)c/ikrr(.Vi7/<*ah The gfobitlrs of metal ore now united Into one mns*« 
hy gently agitating the cfpntcnts of the l>eakcr. The water Is jKPured off 
as f.ir its {Missihic, aivl the rest is rcfimscsl by nlisnrbing it witb filterqiaper. 
The m« reury is dH(sl finally «nrrct»ne«*ntmtctl sulpliurie arid in u desiccator 
to <x*!islant weight. Tlie (Hncntiige of mereurj' present in the original 
stil»stiUt<T may Ik- mleulattsl fn>in the weight of mcn-ury found. 

This mcth'Hl gises results which arc somewhat Iiki low. The method 
of etdlecllug the mercury on silver foU, dcserilKsl on p. Is to l>e 
pn h rrisl to the collect ion undt r water, but wlierevrr |K>ssil)le the moreurv 
sluptiM l>e prrrij)ilatnl iiml weigluxl »s HgS, ns deserilKxl l*e!ow. 

•Vfrfr I. .Mrmmc ii not tlrronilHiMsI |»y heating with lime; (towdered 

r«'i'(s-r itiinl l<e iiwsl iiotml. If Ihr memiry is presetil ns sulphide, n little 
n>< tnilir Inm iiuot Ik- iiiKrtl with the llnir to luistrii the rrshit tion. 

•ViJe g. Tlpe iiM-mirs- rmy pn»ve rrliKinnt In lease the tnl>e or to iinifr into 
on'- dfop. In this rase disvihr it hi n snull qiuntity of iiitrir nriil nt Nl’C. nnd 
d<lrnnmf tlir nirntprv’ rltlwr gmviiitrlrieallv ns nwretirous eldorid* fsrr I»-!nw). 
f.r. f*rtlrr. MvliitiHlrK-nlU l>y Itw thiot s-ntiatr Jp. \V>). 




100* SIMPLE QRAVIMETBIO DETERMINATIONS 


The Mercury is precipitated as Sulphide, HgS, and is weighed u such. 

Weigh out accurately about 0-3 grm. of pure mercuric chloride into a 
500-ml. beaker. Dissolve the salt in about 300 ml. of water, add a few 
drops of dilute hydrochloric acid, and pass hydrogen sulphide into the 
cold liquid until it is saturated, as shown by the deep black colour of the 
mercurj' sulphide 'precipitate.* Allow the liquid to stand until the pre- 
cipitate has settled, then filter through a filter-crucible. Wash the pre- 
cipitate with cold water, and weigh it after it has been dried at 105° to 
110° C. « 

If the precipitate contains free sulphur, it should be washed with 
alcohol and then with recently-distilled carbon disulphide until the last 
drops of the washings leave no residue when they are evaporated. The 
precipitate is then dried as before, after the careful removal of the carbon 
disulplude in a current of air. 

Kofe 1. This method cannot be used when any of the mercury is in tlic 
mercurous state (see method below). 

Note 2. It cannot be used In the presence of nitric acid, which produces high 
results through the formation of mercuric sulphonitrate [Hg(NO,),.2irgSJ. 

Note 3. If an attempt is made to remove nitric ocid by evaporation, mercuric 
chloride or some other volatile mercury salt will almost inevitably be lost. 

Note4i. The original solution should contain not more than O-I grm. of mercury 
in 100 ml. 

The Mercury is precipitated as BgjCls, and is weighed as sneb. 

If the mercury Is present in solution entirely ns mercurous salt, It may 
be precipitated directly by the addition of dilute sodium chloride solution. 
If a mercuric salt i% present it must be reduced to the mercurous condition, 
as is directed below, before precipitating the mercury. This method Is 
suitable even if nitric acid Is present. 

For practice, weigh out accurately about 0-5 grm. of mercuric chloride, 
dissolve it in 200 ml. of water and add a small quantity of dilute hydro- 
chloric acid and an excess of phosphorous ocid {Note). Allow the liquid to 
stand for twelve hours, then filter through a crucible, wash the precipitate 
with water, dry it at 105° C. and weigh it. 

Note. The solution of phosphorous odd can be prepared by allowing 
phosphoras to deliquesce in moist air; or it may be obtained by adding 
phosphorus trichloride to water, evaporating the solution to dryness to expel 
the hydrochloric acid and dissolving the residue in water. 

Determination of Silica In a Silicate 

The Silica is separated and converted into the insoluble form by adding 
excess of acid to the Silicate and evaporating to dryness ,* the Silica is 
then completely dehydrated and is weighed. 

The choice of method depends onwhctherthcsilicatecan be decomposed 
by an acid or not. If jt Is soluble in water, or can be decomposed by 
strong hydrochloric or nitric ocid, it is treated as follows ; 

For practice, weigh out accurately about 0-5 grm. of finely-powdered 
“ soluble glass,” or sodium silicate, into a platinum or porcelain dish. 
Moisten tlic powder with water. Place the dish, covered with a clock- 
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Klacs, on a waler-batli ; then gradually run In concentrated IICI diluted 
with its own volume of water through a small ojHining made hy drawing 
aside the clock-glass. Stir the contents of the dish continuously, \\lien 
no gritty particles can l)e felt with n gh»ss rod, the powder is completely 
decomposed. Then remove tltc co\*er, evaporate the liquid to dtj-ncss, 
and stir the residue continually breaking up any lumps with a glass ro<l. 
WhcJ> the jKiwder appears to Ikj ]>crfcctly dry and no moisture is dciK>sitcd 
on a cold clock-glass placet! onthetLMiforn few seconds, add about 10 ml. 
of dilute IICI and again evaporate to drjmcss ; then treat the residue 
with 50 ml. of dilute Jiydrochlorlc acid and filter through an onlinnrj’ 
filler-paper. Collect nil the runnings in n porcelain dish and wash the 
silica, first with hot, dilute hydrochloric ncid and then svith hot sratcr, 
until it is free from chlorides. Retain the precipitate and jiapcr. E\'apo- 
ralc the filtrate, whtcli will contain a coasidcrable percentage of the 
silica, to drj-ncss, and then heat the dish in an air-oven at 110® C. for an 
hour. The Rllica will now he present in the anhydrous and insoluhic 
condition. 

soon as the dish Is cold, moisten the powder with hydrochloric 
add, and warm the dish on the water-lwith for not more than fifteen 
tnlnutcH ; othensisc some of the silica will rwlissolve. Then add hot 
water, stir ucll, allow the solid to ecltlc, and decant the liquid through a 
sceomi filter. Treat the residue llius tlirec times. Then transfer the 
silica to the filter, and wash it thoroughly with hot water. If the second 
pteclpllntc of silica Is large, the runnings slionid l)c CMiporatetl to drjTiess 
n second lime and the collection rc|>cnted. 

Now transfer the precipitates to a weighed platinum crucible and 
ignite the papers wet. At first heal the covcrid crucihlc gently, taking 
care that none of the light, fine silica powder is carried off by the 
escaping moisture. Increase tlic tcm|»cralurc gradually until the crucihlc 
has reaclutl n bright red heat, and keep it at this temperature for fifteen 
minutes. Then sveigh tlic crucible, and the repeal the Ignition until the 
Weight is constant. Care must Iw l-akcn during diying ami weighing, 
because the silica will proh.nbly lie li)*groscopic. 

.Vofr. The slllrti ol)tnlnr<l by the nlmvc treatment is itiinnsi Iiiviiri.'ihly impure, 
null »hmil<l lx- imitod fn the folfowlnc "wy nfter it h.ss I)een wrigheil s , 

'riir igtiiled silica Is lic.stetl In u pinllmini \csscl cm n ssater-hath with n pure 
►uhitlou of hjilmfluoric ncid niwl i» few drojis of cniicriilratfsl II, SO,. The 
hwlrufltioric ncid shouhl W ndded down o waxcil nl\ss rcxl. The vholc is 
then e\T»j>oratnI to drj-ncss, and the rr-iidiie Is Ignitnl nnd weicluxl. Tliis procej's 
Is rej¥-5»tcil iiiUll no furtlicr hr-s In «fl:;ht occurs. Tlie total Ims In weight by 
the trr.itmcnt with b^dmOviorlc ncid tepTr^roVs the wrlghV of the sUlra. 

As tlip bilKimlor^' migcnls idfUfM inswri'dilvrunlnhi iMiiucBilic;j, It is ndvlsjiblc, 
in rsnet nualj>ls, to rsim* tbrougli n bl.ink In {nniltrl ssUh Ibe ns-jiy. This Is 
twrtirul.srlv urccsvnr,* stfirn the sllimlc Is sslth »oihiitii cnrUm'ilc (see 

l"•low), ftnd whm the iilhrsi Is detcrxnlncil by \'f>1ntilis.illnn (see nlxivc). 

If the silicate Is InsoluMc la Adds or is not completely dceomposetl by 
acids, the Bilica should l»e deteronned by the method given on p. 271. 

Determination of nootlne In a Fluoride 

Tbs Fluoride is rrrclritatcd M CoJdam Flaoride. CaF,. and is weighed as tuch. 
cr as CsSO,. 

SoluhJ* Fluorides. Nrotmll-s* th«* Mitutlon In n l•eal.cr with ncl'l «r nltnll, 
Bfxl tJ>cti iwM a ml. of a narnutl *<»IaU»n of podium C!irl«t,a.\te. llml to Ixililitg 



PART III 

VOLUMETRIC ANALYSIS 

IntToduciory. A reaction which is frequently employed in quantitative 
analysis is that of double decomposition. Suppose, for example, that the 
chlorine in a solution of sodium chloride is to be determined. The solution 
is treated with a solution of silver nitrate, and double decomposition takes 
place : 

NaCl 4- AgNO, = AgCl + NaNO,. 

In gravimetric analysis, advantage is taken of the fact that silver chloride 
is an insoluble compound. If, therefore, the solution of silver nitrate is 
added in excess, all the chlorine can be collected and weighed as silver 
chloride. It follows that the success of a gravimetric analysis normally 
depends upon the formation, from substances reacting in solution, of an 
insoluble precipitate. In this way, only, can it be known for certain 
that the reaction has gone to completion. 

If a kno^vn weight of silver nitrate (obtained by dissolving a weighed 
quantity of the salt ina kno^vn volume of water and using a known portion 
of the solution) be added in quantity just suiTlcient to complete the 
reaction, then the weight of silver used (and therefore the weight of silver 
chloride obtained) will also be known without the necessity for collecting, 
washing and drying the precipitate. It is on this idea that the process of 
volumetric analysis is based. The end of the reaction may be marked 
by the fact that the addition of a further few drops of the solution of the 
precipitant does not cause a precipitate to form ; by a definite change in 
colour of the reacting mixture; or by the aid of an “indicator.” The 
indicator may be a third substance, and is generally of such a nature that 
it will not react with the precipitant until all the substance to be determined 
has so reacted ; the reaction between indicator and precipitant must be 
accompanied by an obvious colour change. In the determination of a 
chloride, which is described in greater detail below, potassium chromate 
may be used as the indicator. It reacts with silver nitrate to give a red ' 
precipitate, but the precipitate forms only when nearly all the chloride 
has been removed from solution. 

The formation of a precipitate, either by double decomposition or 
w'ith the indicator, is not an essential part of the process. For example, 
strongly-coloured, soluble compounds arc knoivn which are red in the 
presence of acids and yellow in the presence of base.s, and if a mere trace 
of sucli’a compound is present in o solution of an acid to which a solution 
of a base is being added, the change in colour will indicate when the 
base is in the slightest excess. Similarly, if a compound in solution is being 
oxidised by potassium permanganate, which itself is strongly coloured, 
but which fonn colourless r^uction products, the production of a 
persistent, though verj' faint, pink tinge in the liquid means that the 
compound has been completely oxidised and that the permanganate is 
present in very slight excess. 

The fact that the formation of a precipitate Is not essential makes 
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the scope of volumetric nnalysis much wder than that of gravimetric 
nnnh'sh. It is obvious too that the former is ordinarily much the more 
rapid, nn(! the belief is current that because it is faster it is also less 
acairate. This belief is not ahvnj's justiUcd, because sTirious causes, 
ffueh ns the ndsorption of foreign substances on the precipitate and the 
partial solubility of the precipitate in the mother liquors and in the liquids 
used for washing, tend to make graWmctric svork inaccurate. Each case 
miist Iw cf)nsidcrc<l on its merits, and there is no general rule to guide the 
chemist in his choice of mctho<l. 

llluilratinn of a Vohimetrie tktnmination. The determination of 
chlorine present ns chlorhle in neutral solution, is a tj^pical volumetric 
mclho<l. The chlorine is precipitatcsl ns silver chloride by the addition 
of hiUcr nitrate in solution (sec above), in the presence of potassium 
chromate ; any excess of sil\*cr nitmte at once prtxluccs a permanent 
briek*rctl precipitate of siher chromate. The first appearance of a slight 
bi:t pennancnl rc<l coloration throughout the liqtiid accordingly marks the 
complete precipitation of the chloride. 

In a certain determination the solution of silver nitrate which was 
added contained oncdcntli’of the inolcailar weight of silver nitrate, or 
lOPb grm. per litre, lienee, acconling to the al)Ovc equation, each 
inillililre of the silver nitrate solution couM precipitate 0 003510 grm. of 
chlorine fnim the chloride. It svas found that 1J2-5 ml. of this silver nitrate 
solution were rcqtiife<l to react with 2 gnu. of the sul^tancc dissolved In 
svalcr. Therefore, 

the weight of chlorine in the sulMnncc 22*5 x 0 003510 
«a 0 0703 grm., 

t .1 . • 1 . # « . • 0 0708 X 100 ^ 

and the iK-rrcnlnge weight of chlorine *= ■ • *» 3-00. 

Jifciprocit;/ of Ihr Method. It is obvious that the process describwl aliovc 
c:ui also 1k! usc<1 fiir the determination of silver. In this case one adds a 
solution containing a knmm conccntrotlon of tlie substance, but an 
unknown concentmtion of silver, to n solution containing a known sveight 
of sodium chloride. .\g:i!n the end-point Is marked by the first appearance 
of a |»ermancnt brick-rnl coloration. 

In the following pages those processes of \-olumclric nnalj*sis are 
gcnendly groujietl together In which the same liquid reagent or " Standard 
.*vdut(on” is cmployctl. The most im|wirtnnl and ts'pical processes in 
each group arc prinlol in onlinarj* tj-pc, sshiM those* of less impytance 
are printrti In smaller tjqK*. Any nf tlicm can l>c csimVl out on the micro* 
scide «lth the npjtir.ilus dcsrrilieil on p. lit. Tor nddlUonal mclhrxls the 
stmlrnt shouM cimMill the general references on p. 518. 
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CALIBRATION AND USE OF GRADUATED VESSELS 
STANDARD SOLUTIONS 

Calibration and Use of Graduated Vessels 

General Considerations. Refer back to the illustration of a volumetric 
determination given on p. 105. Suppose that the substance contains 
09-9 per cent, of chlorine instead of 3 99 per cent. It would then be 
desirable to weigh out 2 grm. of the substance as before, to dissolve it in 
water, and to make up the solution to 250 ml. in a graduated flask, to 
take one-tenth (namely, 25 ml.) in a pipette and to titrate this tenth 
against the standard nitrate. 

In order to obtain an accurate result it is necessarj' that : 

(n) The pipette delivers exactly one-tenth of the solution from the 
flask (known as an aliquot portion) ; 

(6) The burette delivers"^ of the weight of silver nitrate in a nominal 

1 litre of the solution of silver nitrate. 

These conditions must be fulfilled. It will be noticed^ however, that the 
true vohunes of the solutions used arc. of no importance provided the 
fractions are exactly correct. Thus, in the above example it is a matter 
of indifference whether or not the 250'm]. graduated flask contains 250 
or 252 mf., provided that the pipette used’ delivers one-tenth of the. 
contents, namely, 25-0 or 25-2 ml., respectively. 

From these and similar considerations it'ean be shown that it is nearly 
always the volume of one v^sel relative to another- which is important— 
not the volume of the vessel in absolute millilitres. 

Units. It practice it is desirable that flasks of the same nominal Ctapacity 
should have the same real capacity, and it is for this reason that a unit 
of capacity is nccessarj*. The litre is’defincd ns the volume occupied by 
that quantity of pure water at 4*C. whicli has a mass of 1 standard 
kilogram. One-thousandth part of a litre may be used as the unit of 
capacity and this volume is correctly written “ ml.” A cubic centimetre, 
on the other hand, is the volume of a cube, the length of a side of which 
is 1 cm- A cubic centimetre of pure wnter at -i® C. docs not weigh exactly 
1 grm. (see p. 514). Thus: S 

1 ml. « I-000028 C.C,, and 1 litre. contains 1000-028 c.c. 

Calibration of Apparatus. Reference should again' be made to the 
section on p. 514, on units. Volumetric apparatus should always be 
•callbratwl at a standard temperature, or the calibrations should be 
corrected to some standard temperature. The British Standards 
Institution has laid dovni that the standard temperature in this countrj’ 
shall be 20 ® C., hut there is still a large supply of glass'vnre calibrated 
at 15* C., 15 5® C., or 00° F. The standard temperature In America is 
20* C. The error lntro<luced by accepting a vessel which is correct at 
15° C. as also correct at 20° C. is very small, about I : 10,000. This error 
106 
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is of abMiltitcIy no ijn|>ortnncc in otdlnarj" volumetric work. For the 
Hurjmsc^ of this iKwk, n l,000*mK flask is considered to be graduated 
correctly when it liolds nt 20*C. the volume occupied by n kiloj;ram of 
water nl -I® C., the Iwrometcr Wins at 7C0 mm. and the temperature of 
the air hurroundinc the flask 20® C. 

The Table p'cn on p. 407 will be useful when measuring-vessels arc 
l>cing calibratcfl. It gives the weight of water which n correctly-graduated 
\csscl should contain under dilTercnt conditions. Kmpiricnl methods for 
the cnlihration of glass vessels arc given on p. lOS and the following pages. 
Further infonnation should be sought in Treadircira Anahjtieal Chemistry. 
In verj' exact volumetric analysis, all volumes should be referred to some 
st.nndanl temiKmture, but it is almost imjjossiblc to make the ncccssarj’ 
corrections, lKct\usc the temperature coefilcients of cubical expansion 
of the STirious solutions nrc often unknown. If the following procedure 
is adoptctl, errors due to faulty calibmtion of glass vessels l>ecomc negligible. 

Uefer back once more to the determination of a chloride by silver nitrate. 
Sup|Hisc that 2 gnn. of tbc chloride have l>cen weighcil out, made up 
to 220 ml., one-tenth taken, and titnitcil against the silver nitrate, 22-5 ml. 
of the latter Uing usc<l. There thus appears to l>c alxuit OOS grm. of 
chlorine In the alifjuol part, or 0*8 grm. of chlorine in the sample. Now 
1 •22 gnu. of NnCl contains aliout 0 p grm. of chlorine. Therefore stcigh 
nut ]4)2 gnu. of pure common salt, dissohc it in water, and make Up to 
250 ml. In a flask similar in all resjicets to the first, taking core that the 
two solutions arc nt exactly the vame Icmpemture. Take one-tenth of 
this htandnnl solution of sodium chloride, using the same pipette os Ixiforc, 
and titmte it against llie silser nUmte solution, lieing careful to deliver 
the nitmte from the same part of the burette ns l)cforc. I-ct the reading 
lie 2JM ml. 

Tlien gJl-l ml. <»f the AgNO, nrc equismlcnt to the chlorine In 0'1J12 grm. 

o ini X ns ffl .... 

nf Nat 1. i.e., to gnxi. of chlorine. 


■ Therefore 22-.5 ml. of .\gNO, nrc cqim*alcnt to 
0 182 >; 85 in X 22 5 

If) y gnn.ofriilorinc e= 00780 gnn. 


Therefore in 0 2 grm. of the chloride Is 0 0780 grm. of chlorine, and the 
IK-rerutnge of chlorine is 89 (l iKTcnit. 

ronsi.lrmlitin will show that this method of using the solution in the 
liurrtte merely as n kind of biitanee must lead to serj* accimile results. 


Volumetric Apparatus 

Four types of glnss-measuring sc>*rls arc In general use for volumetric 
anslysis. These are the measuring flask, the pipette, the ImtcUc, nnd the 
mrasuring-cslimlcr. 

Clrining Glass Apparatoj. Ileforc glass apparatus U ealibmteil. It must 
!»• tliop.uchly rlr.inpil by lillmg tbc \rssels srith mctbslittsl spirits 
»*tiir4t(sl with soli, mi bydroxidr. After an hour, they nrc'tben nllowetl 
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to drain, washed with water, filled ivith concentric sulphuric acid whicli 
has been saturated with chromic acid, and left overnight. 

As it is essential that the tops of burettes and the necks of flasks be 
clean, the cleaning liquid must fill these vessels to the very top. Pipettes 
should be filled by attaching a piece of rubber tubing fitted with a clip to 
the mouthpiece, sucking up the liquid as far as possible, and closing the 
clip ; or a tall measuring-cylinder can be filled with the liquid and the 
pipettes placed in it. 

Glass apparatus, for no apparent reason, sooner or later, and generally 
sooner, becomes dirty. 'VVlien not in use flasks should be stoppered, the 
ends of burettes should be covered with a test-tube, and the jets prbtected 
by pieces of rubber tubing. Water will not run evenly down dirty glass- 
ware, but will form drops. As soon as these are noticed an attempt to 
clean the glass with a test-tube brush dipped in quicklime should be made. 
If this attempt fails, the apparatus should again be filled with sulphuric- 
chromic acid mixture. Pipettes should be cleaned frequently with this 
mixture. 

The Measuring-Flask 

Measuring-flasks graduated for 1 litre (1,000 ml.), for 0.5 litre (600 ml.), 
or 0’25 litre (250 ml.), for 200 ml., and for 100 ml., will be found convenient 
for general use. The level at which the upper 
surface of the liquid stands must be in the neck of 
the flask (Fig. C9), and the neck should be narrow 
to ensure accurate readings. 

Sometimes two marks are etched on the neck 
of the flask ; one is for measuring and the other 
for delivering the volume which is marked on the 
flask. When the flask is filled to the lower mark it 
contains the stated volume j and when it is filled 
to the upper mark, the stated volume can be 
poured out or delivered from the flask. 

Calibration of a Flask for Pleasuring. The flask 
is first thoroughly cleaned and dried. Volumetric 
apparatus must never be heated, as the glass 
Fio. oa. Lmu: Fu^sk. expands on heating, but does not return to its 
original volume for a long time, months or years. 
Therefore the best way to dry a flask quickly Js to wash it out once or 
twice with a small volume of clean alcohol or acetone. As much as 
possible of the liquid is drained off, and the remainder is evaporated 
by blowing a stream of air into the vessel. If a set of foot-bellows is 
used, remember that, as the air is picked up from near the floor and 
will therefore be dirty, it must be filtered. The best method of filtration 
is to stuff the delivery tube lightly with cotton wool. 

Select one of the flasks, say the SOO-ml. flask, and make it your own 
personal standard of volume. The 25-ml. pipette, for example, should 
then deliver onc-twentieth of the volume of liquid required to fill the flask. 
Place the flask on the left-hand pan of a fairly large balance, sensitive to 
0*1 gruk., and weigh it. Fill the flask with air-free, distilled water which 
has attained the temperature of the room. A good way of preparing air- 
free water is to place distilled water in a clean filter-bottle. The bottle Is 
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sioplHTi-*! «ith u niblwr bunj; am! placed in a pan of hot witcr. On 
conneoHn" tip to the fi!tcr-pnmp, the water will soon boll under the 
rc<lijcc<l pressure. Ilcmovc tlic warm water and leave the distille<l water 
to come to room temperature, with the pump nmninp. 

Now place the full flask on the lefldiaml pan of the balance. On the 
rij;ht*hnnd pan place a calibrate*! 500-gnn. weight, if a 50fl*ml. flask 
is l)eins calibmtcd, togctJjcr with the weights equal to the weight of the 
empty flask. On the leftdumd pan place tJie rcqnirwl small correcting 
weights (sec Table, p. -lOT). Then, by means of a thin glass tul)C, add 
water to or withdraw water from the flask until the balance is 
In equilibrium. If drops of srntcr f«>rm in the neck, the flask is not clean, 
and should nl once l>c thoroughly clennesl. 

If the cleanliness is satisfactory,', take the fl.ask off the balance-pan and 
gum a thin vertical strip of paper on the outside of the neck. Place the 
ILjsk on u lc\cl surface, and. svith the eye at the same Iiclght ns the top 
of the liquid, make a thin mark on the paper, level with the l)ottom of 
the meniscus. N'ow empty out the water, which can conveniently l)c used 
for the cjilibmtion of the other \csscls, ns it will l>c at room temperature. 

Cover the neck of the flask near the mark on the paper with n tliin 
layer of paraffin svnx. Tix horizontally in a clamp a glass tube orwooden 
nul, of such diameter tliat it wilt just slip Into the neck of the fl.'uk. Slip 
the neck of the flask over this tube and press tlie end of the tul»c against 
the end of the flask in such a way that the flask can be rotate*! about It 
without a wobble. Then place the wlgc of a very sharp knife against the 
I’allbmllon mark on the paper, and rotate the flask in such a way that a 
clean ring is cut in the wax. Etch this ring by wrapping around it a piece 
of oolton-wool sonke<l in solution of hydrofluoric acid. /Vs the etching 
of glass is not easy, It is a good plan to practise the ctclilng of rings on n 
piece of glass tubing Iwfore operating on the graduatetl flask. If the flask 
svas gnuluate*! originally nn*l the new ami the old rings arc not coincident, 
it is Ix^t, In oolcr to avoid confusion, to blur out the old ring with hydro- 
fltinric acid. 

The flask is now graduate*!. The ralibrntlon should, howes'cr, l>e 
cheeked by *lrying the flask again, sveighing it, and weighing ngaln after 
so nilitig It ss-ith distille*! svntcr that the iKittom of the meniscus is level 
uith the graduation ring. 

Cniihwtinn nf a I'lni): for /WiiYTiVig. Tlic flask is filled with distilled 
smter to the gnuliiatlon on Its nrck. Tlic svnter is pojire*! out, nn*l the 
flask Is nllowrt! to dndn In an iiivcrte*! |»«H.ition for n 5tan*lani time, say 
fifteen sromds, nn*l srith its lip held steadily npdnsl the Inside surface 
«)f a glass l>eakrr In exactly the s.-ime sray ns It will arluidly lie use*!. The 
flask N then eloval by a glass t^topiier or ndiWr bung to jirevent loss of 
sratrr by eswiviratlon, and the H»sk pUesal, with its interior still sret, 
ui«in a pan *if the balance nnti roiintrqtnlsed. The sule-cquent proectlurc 
Is tlir ssame ns in the ealilinitinn nf the ILisk for mmstirlng. 

C.irr nmst It taken not to confuse the two marks on llie neck *»f the flask. 
The tnp one is fi>r ilrlis cring, the liottnm one for measuring. 

Tlic Pipette 

rtpellfi are of two klotls, 'file flrsl Is designed to deliver a c*mst.anl 
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volume of liquid ; the second to dclh-er ^•ao’ing small volumes. They are 
sho^m in Figs. 70 (n) and (6)» re^ectively. 

Pipettes are nearly always filled by suction, and the liquid 
is first raised higher than the graduation! Wien filling the 
pipette it is important to cant it and the vessel containing 
the liquid to an angle of nearly 45®, so that the progress of 
the liquid up the tube can be easily followed, The end of 
the pipette Is then closed by the tip of the first finger, which 
should have been slightly moistened ; the thumb should not 
be used. The level of the liquid in the pipette is lowered by 
slightly relaxing the pressure of the finger and by rotating 
the pipette. Liquid can thus be run out slowly and under 
perfect control, and the flow stopped when the loa’cr curve 
of the meniscus just reaches the graduation ring. Not more 
than an inch or so of the outside of the pipette should have 
been allowed to Iiave become wet, and any drops of liquid 
adhering to the outside are removed by touching it with the 
nail of a finger of the free hand. 

If the pipette has only unc graduation, the measured 
volume may be delivered by removing the finger and allow- 
ing the pipette to empty itself, but a standard technique 
for draining the pipette must be adopted. That recom- 
mended is to Iiold the tip against the side of the receiving 
vessel while the bulk of the liquid is being delivered, and 
to continue holding It still for a further fifteen seconds to 
allow it to drain afterthe rapid flow has ceased, The outlet 
should be so shaped that n pipette of a given size delivers 
the bulk of its liquid in a given time. Tims a 50-ml. pipette should 
deliver in more than twenty-five seconds and in less than forty seconds 
(plus fifteen seconds for drainage). These times are given in 'tabular 
form on p. 408, Note that the pipette must be calibrated using cx.actly 
the same procedure as the procedure adopted when it is in use. A pipette 
should never be drained by blowing through it, as thereby grease from the 
mouth is deposited in the barrel. This grease causes drops to stick to the 
glass, and the dirty pipette delivers a \'aiying quantity of liquid which is 
always less than that delivered by the clean pipette. 

If n drop-plpctte is being used, llie required quantity of liquid can 
be delivered by relaxing the pressure of the finger and tm'sting the tube 
slightly. 

Calibration of the Pipette. A pipette can be calibrated as follows : 
A thin vertical strip of paper is gummed along the upper part of the stem 
of the pipette, so that it covers only lialf the tube, and a horizontal mark is 
made on this paper. • 

The pipette is filled to the m<*irk with boiled, distilled water at room 
temperature. This water is then cleliwred, using the standard procedure, 
into a bcakor, which is covered with a watch-glass. The beaker and the 

del • ‘ "I , • ■ ; ■ ■ . ■ ■ ■ ! ! 

nor ' ■ ■ ■ ■ ■ . , . , . 

from the Table (p. 41)7) Suppose this latter weight to be the smaller. 
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A second mark is then njadc on the pa|M?r, cimsidcnihly l>cIow the 
first mark. The pij)cUe is filled to tliK second mark nnd the weight of 
trntcr dctemiinc<l ns Iwforc. This weight ought now to be too small. 
Fn)m the two weights, the position in tshicli to jdace the gnuluation 
mark cjin l>c enleulated. .Make this mark, nnd check by svelghing tlie 
water dcllvcrc<l from the pl|>cttc when the latter is filled to it. The 
pij*elte should l>e fillctl nml cmptic<l ot least three times, nnd the mean 
weight of the water which is rcquiretl to fill it Is determined. 

A ring Is now etched round the pipette, using hydrofluoric ncld. This 
pnH’<ss has n!rcn<ly been dcscril)rtl (p. 100). The pi{>cttc can be mountcil 



h<)rizi»nlally fur etcJjJng, by plariiig fhr mouthpiree o\Tr a thin glass rod 
held in n cl.unp nnd the other end oser n nretllc forertl into a cork. 

Micro«Pipcttes arc usually small pieces of cipillaiy tuhing wJiich nrc 
ejihlintcsl to ilcliscr n deslresl soliime (e.g., fi 1 to l-o nd.) for n sj*ecifip<l 
I*cri*xl of drahuigf ; they nre there fore easily ** hcime*mndr.” 

The Burette 

The Borette (Tig. 71) is n !u1m* of unifonn jliameter thnnighoul its 
gr.»<hMtrtl length. Thf Icnvcrend Is eon»jderahly narrto'csl nnd is cl(Hetl 
either hy menns of a gl iss tap, or by ii pinrh-i'iKk which prrsM^ iijkiii 
n niblK-r t«d>e, rir liy a gliss liead inwrlMl Into a narmw nihl>rr 
lul«r. In the Utter rav, llrjuid Is obtaineil frrmi the burette bv gentiv 
Itrr^drig «tn tfjc l*r.i(l nnd twisting the ruhlier Utween the fingers. Tlir 
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use of any form of ljurettc other than that fitted witli a glad's tap is to l»c 
dcprceatctl, because {«) some of the liquids which >vill be used 'dll react 
u-ith the rubber, losing concentration in the process and causing leakage ; 
(p) it is impossible to see whether or not any air has been trapped in the 
rubber tube. Micro-burettes (see p, 114) arc an exception. 

A suitable soft grease for lubricating the stop-cock is made by melting 
together 1} parts of vaselin and 1 part of beeswax. Another suitable 
grease can be made by wanning 3 parts of \'aselin and stirring in 3 part 
of pure rubber in the form of small clippings. Alternatively a ^Yax of the 
type used iu high-vacuum vrotk will serve. 

The burette is graduated in millilitres and fractions, and may contain 
25, 50 or 100 ml. Those in general use have a capacity of 60 ml., each ml. 
being dhdded into tenths. The graduation marks at the ml. units should 
reach all round the barrel of the burette; at the 0*5-ml. marks, three- 
quarters ; and at the 0-1-ml. marks half-way round. 

TJie burette is filled by closing its lower end and pouring in liquid from 
the top. The liquid should rise above the highest graduation, and should 
then be allowed to flow out until the lowest point of the meniscus just 
touches this graduation (Fig. 72), In Fig. 72 the burette reading is 32 0 
ml., not 31 8 ml. However, if the burette is filled wth a coloured liquid, 
such os potassium permanganate, it is more sotisfuctorj' to read the top 
of the meniscus. 

In filling the burette, great care must be taken that no air bubbles arc 
left in the tap or jet, because it is assumed that onhj passes out 
when the burette is in use. The volume of any air bubble syhich is swept 
through wdl be counted as so much liquid, since the volume of liquid which 
is assumed to have flou'cd from the burette is measured by the fall of the 
meniscus. The burette is supported by a convenient clomp and stand 
(Fig. 71). It should not be held in the hand after it is filled, because an 
error may be introduced by the expansion of its contents caused by the 
heat of the hand. 

The best >Vay to read a burette is ns follows : It is taken out of the 
stand and held lightly from the lop between'lhe finger and thumb, in 
such a position that the meniscus is on a level with the eye. A white cord 
is then placed behind the meniscus and the reading is taken. The time 
taken to withdraw and replace the burette is very short, and it is well 
worth while spending it os the burette comes nhnost automatically into the 
correct position and parallax is avoided. A further metliod of avoiding 
parallax is to fix on some object nt the other side of the room which is at 
eye level. The burette reading is taken when this mark, the bottom of 
the meniscus and the eye are in a straigiit line. 

The use of floats or of burettes marked with a blue line behind, or 
other patent devices to ensure accurate readings is not recommehded, 
except ivhen tJie saving of a few seconds in a titration is a matter of 
importance. Liquid should never he run out of the burette at too fast a 
rate, os then the volume taken appears to be slightly larger than it really is. 
Suitable times of outflow arc given In the table on p. 408. Note that these 
times depend on tlic length, not on the volume, of the burette. 

Calibration ol the Burette. A burette can be cnllbratcd quickly and 
nccurotcly with tlio apparatus shown in Fig. 73. A small, auxiliary 
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Iiurellc, ^lIaJ^c(I as shown, anti of a cajiacity of alK)iit 5 inl., is attnchcil 
by a thin nibl»cr tul>c to the crni of the apparatus to be cain)rntctl. TIjc 
connection inside the rubber tube should \k plass to glass. 
Itoth burettes must be sitotlessly clean. 

Distillctl water Is nm througli both burettes until every 
bubble of air has l>cen remos-cfl from the narrow glass tubes 
and from around the cocks. The larger burette Is then filled 
with l>oile<l, distilled wder at tlie temperature of the room, 
to the 0*ml. graduation, and so tlmt the water stands at the 
mark A in the nuxilinry tmrcttc. Then water is nm frmn 
the large to the small burette until the level is at the 5*tnl. 
mark on the former, and a mark 11 is made on the latter by 
sticking a verj* thin piece of paj>er round it on level with the 
meniscus. The water l>clwcen the two marks is nm Into a 
weighing Iwllte, which Is then itoppcrctl and srcighctl. 

Tlie auxiliar)’ burette Is filled again to the mark II, the 
reading of the large burette Is taken, and the water is cmptietl 
into the l>cakcr, and so on till the CO ml. have l)ecn run out. 
The l>cnkcr and nxiterarenow wclghetl. If the burette has 
l»ccn correctly graduato<l in the first place, the sncccssisc readings will 
Imvc l)cen 5 0, KH), etc., ml., and the total weight of the water srill be the 
weight of CO ml, of water under the given conditions. This weight cun 
Ik* foun<l from the Table on p. 407. The experiment shoijld 1)C carried out 
three times and the mean results taken. 

If the error over the whole burette Is greater than 01 ml., It is 
advisable to select another. If neccss.aiy, a curs’c can be dmwm to exi>rc'W 
the burette errors. 

In a spceUil case the laboratorj* eonditions were such tlial 40 000 grin, of 
water i^ere rcnuiml to HU correctly a glass sessel graduated to hold 50 ml. 

Tlie first *l\ mircttc readings were 0 00, 6 00, 0 05, 14 03, 2005, and 25 03 ml. 
Tlie weight of water required to fill the nuxiiiar}’ biirrttr ten times ssas 60 005 
grni. 

Now, as lO.tKW prm. is the weight of 60 ml. of snUrr, 



AmCIMAIlY 

Uuiiirm.. 


50 005 


50 X 50-006 
40 003 


«= 50 1 ml. 


Jlriicc the c«i>arity of the nuxilian* Imrrttc Is 6-01 ml. 

Therefore the soliime of the mirettc liclwrcn the 0 and 5 graduations Is 
501 ml.; iK-twprn (hr U and 10 graduations, it Ls {(10 — 005) {'5 01 x2]nl0 07 



mb ; lietssrrn O and 15. ((I.'S — 14 OS) 4 6 01 X 0} 15-05 mb At the 20 

m-irl It is lt> 00 : anti at 25 it is 21 07 ml. 

Tl.us 4 OOl, -i 007, 4 005. >-OOI, arvl — 0O.'J ml. lasr to Iw aiMM 
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lo the noiiiinnl volumes to nbtniti the actual volumes delivered by the burette 
between the zero and the 5, 10, IS, 20 and 25 ml. graduations, respectively. 
These corrections ate shown graplupally in Fig. 74. 

In nearly every burette there will be found values for which 
the graduation is correct. For example, the burette in this special 
cose reads correctly between 0 and 10 ml. In exact work it is 
advisable to plan the experiment so that the volume of liquid to 
be taken from the burette is taken from that part of the burette 
whicli js correctly graduated. 

Weight Burettes should be used for highly accurate work ; o 



Fig. 75. 


the standard solution used, and in this way drainage and meniscus 
errors are avoided. Cleans are provided for completely closing the 
burette during weighing, so as to prevent evaporation. 


Micro-Burettes. A convenient and simple type is shown in Fig. 76; 
It has a total volume of 5 ml. and Is graduated in 0-02 ml. The filling* 
funnel enables the burette tube to be cleaned w’ith a fine brush, but it will 
usually be found preferable, especially from tJie point of view of eliminating 
nir-bubbles, to fill tlie burette by Immersing tJie tip in tlie solution and 



applying suction at the^wide top end. It is important to note that the glass 
used for this apparatus should not contain soluble alkali, as this may affect 
acidimctric determinations. Some micro-burettes have a glass bead 
inside the rubber tube connecting the jet to the stem, instead of a tap ; 
this enables better control over the size of small drops to be obtained. 

The Measuring-Cylinder 

Measuring cylinders of thick glass can often usefully supplement, or 
replace, measuring flasks, but, since the area of the upper surface of tlie 
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liquW in tlic cylindi-r is greater than that in tlic Hash, tlu-rc is a loss of 
ncciirncy. 

The cylinder Is tisually graduated throusliont the jrre:iter i)art of its 
IcMfith in stejis of from 1 to 10 ml., neconlin" to its diameter. It may l)c 
pradijatcil citiier for measurin}; or for dclisennp n liquid. 

Mcasurin"-c\Iinders are of two kinds. One is narrow at tlie.top, and 
can Ih* closed by an necumtely-jjround st«pi>er (Ti?. 77). Tliis form is 
consenicnl for mixinfi the liquid contents l»y shakinp, witlioul risk of loss. 
The other kiiul of cylinder is wi«le nnd open at the top, and is usually 
prosided with a lip. , 

Calibration ol the Measurinff-cylindcf. A cylinder for measuring 
liquids can Ik* cJllihrateil rapidly hy nllowiiJft water to flow into it from a 
previottsly,calihn\t«l hurette. If the pradtiatlons arc incorrect, it will Iw 
neccwaiy to constrxict a table in which the tme \-aluc of each pmduation 
is f.hosvn, ns clesern)o<! nlKise for the burette. 

If the cj'lindcr is graduate*! for “ delivering,*' the interior must l)c wcttctl 
l>efnrr enlihmtion (see under Measurinff-nnsk, p. 100). 

, Solutions 

Standard Solutions. The solutions of definite concentration which are 
iiscjI in volumetric analysis arc tom^M Standnrd SnluUnns. A standard 
solution may he of any known concentration which is suitable for the 
particular work in hand. A scheme for the correlation of volumetric 
standard solutions Is outlinc<l on p. 100. 

Korraal Solutions, A standard solution l« said to be of Sonnnl or 
r.quhnleutSUeumhwlww 1 litre of solution contains the i^quUndenlwelyhl 
In pmmmes of the net is e element, acid, alkali, or salt. 

liy the tenn ” cqiiisulcnt ” Is understood the weight In Knunmes of the 
suhstiine<’ which is ehemie;dly rquisTiIcnt to 1-fHiS proi. of hydrogen, to 
•to 00 prill, of NiiOII, to no to pnn.of IlCl.or 00 prm. of Nnjro,,clc. 

Thus n nonnnl wdutinn nf KOII contains 5R11 pnn. of tlie solid per 
litre, nnd a nnnnal solution of UNO, contains rhl-Ci prm. of the aeiil in 
1 litre of solution. Hut the nonnnl solution nf Nn,CO, will contain only 
loan 

' • - so 00 prm. of the anhydrous snit jver hire, 

siiirc two iiiol<Tu!es of inonnlKisic hjMrochlorie arid are rcqulreil to 
neutralise one iiiolmile of smjium carlmnatc. Similarly a normal solution 
of the dthasie sulphuric acid will contain only 
IH-OS 

■ t- 49 01 pnn. ]*cr litn*. 

Tlte rapital letter N. Is usrti to denote n normal solution : «-mlrionn:d, 
deelnorm.d niul mitinonn.al solutions are ilrnnlctl, rrs|yTtl\cly, hv the 
sjmUds o 3 N., O IN. anil O-OlN. .\ \'«ihimc of nonnnl soaliiim hsdmxide 
M>liiti‘>n (or of any Imsr) selll exactly neutraliw an crjiial \ottmie of nonnal 
stdplitirie arid or ten llturs its n>m xoliitnc «f derinnnnal sulphuric arid (or 
any other arid). 

Tlir principle of (r<pil\-nlrner is applied not only to reactions iii\ol\iop 
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neutralisatiou, bvit aUo to reactions of other types. TIius, when we are 
considering oxidation, the equivalent weight of a compound is that weight 
of it which will oxidise 1-008 gnn* of hydrogen, or, alternatively, will 
supply 8-00 grm. of oxj'gen for oxidation. For example, potassium 
permanganate in acid solution can supply oxygen according to the following 
equation : 

2 iain 04 = IC,0 4* SMnO + 50. 

Thus two molecules of permanganate have five atoms of oxygen available 
for oxidation. Tliese wll be equivalent to ten atoms of hydrogen. There- 
fore, under, the stated conditions, the normal solution of potassium 
permanganate will contain : 

2KMnO, 310 ^ 

— — = — = 310 erm. per litre. . 


The 0-1 N. solution contains 3-lC grm. per litre. 

Similarly, one molecule of potassium diehromate contains three available 
atoms of oxygen in acid solution, and a norma] solution of this salt contains 


K,CraO^ 

0 


291-2 

6 


=s 49-03 grm. per litre. 


The 0-lN. solution contains 4-003 grm. per litre. 

In every ease this question of normality must carefully he considered. 
For example, potassium permanganate in alkaline solution has available 
ooly three atoms of oxygen in every two molecules of salt : 


2lCMnO< t= K,0 + SMnOj + 30. 

llencc the normal solution of permanganate- for use in alkaline solution 
contains 

810 

--r “ ^2-cr grm., 

0 


not 31-0 grm. of the salt. Similarly sodium thiosulphate reduces iodine as 
follows : 


Hence 


2Nn,S,0, -h I, = NojS.O, + 2NaI. 


s I a H, 


so that the normal solution of sodium thiosulphate contains the molecular 
weight in grammes of the salt, even though it appears at first sight4;hat, 
because sodium thiosulpiiate is the salt of a dibasic acid, it should contain 
only half this quantity. ‘ 


Molecular Solution. A standard solution which contains the molecular 
Weight of the substance in grammes in 1 litre of solution is known as a 
Molecular or Molar Solulhn, and Js distinguished by the capital letter JI. 
Solutions of fractional molecular strength are distinguished by the prefixes 
semi-, dcci-, and cent,'-, and are denoted by 0-5M., 0-lM. and 0-OlM., 
respectively. 

Storage and Preservation of Standard Solutions 
Winchester quart bottles are suitable for the storage of standord 
Solutions. The bottle which is to be used should be clean and dry. If 
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It lias l>ccii recently sva-slicd anil is still wet inside, it must be rinsed out 
with n portion of the standard solution, othenvisc the svatcr in the bottle 
will alter the concentration of the solution. Wien the solution has liccn 
intixxluccd, tlic bottle should be securely Ktop|>ercd. It Is then immediately 
JabclJed with the name of the solution and nl«o its conccnlmlion and date 
of preparation, llic laljcl should also lie initialled by the person responsible 
for the contents of the bottle. 

E^■Bp^)ration of water from n standard solution invariably occurs uhen 
the bottle Is open, and may c\*en take place slowly while the bottle is 
closetl. Some sulistances in solution also undergo chemical change in 
course of time. Hence a standard solution usually alters in concentration 
when it Is stored. Tlie amount of this altcmtion will depend upon the 
substance dissolvc<l, the age of the solution, and the frequenej* with which 
It has l>ccn used. 

It must further Iw remembered that, unless the liottle is completely 
filled, internal cvaponition and condensation will cause drops of pure 
water to form on the upper part of the Inside of the bottle. Therefore 
the bottle must lie shaken lieforc removing the stopper. 

l/oss by c%-njx)ration is checked by drawing a tightly-fitting rubber 
cap or fingcr-Rtall over the stopjicr and neck of the lx>ttlc. lliis not only 
retains the stopper firmly In its sent, hut also forms a covering which keeps 
the lip of the bottle clean. 

Another mcthotl of preventing cNTiporatlon is to close the bottle with 
0 rubber slopiier instead of witli an ordinary' cork. Or a glass stopper, 
which Is somewhat too small for llic neck of the bottle, may be usctl 
with a sultntilc piece of tightly-fitting hkick nibber tubing drawn o\cr It : 
the Rtopiicf tints acts ns a niliber hung. A niblicr stopper must nlwaj-s 
Ikj uscii for a Iwltle containing a solution of caustic alkali, Ixrcausc the 
action of the alkali ij|Kjn the glass >sill set n glass stopper fast in its seal, 
.•^tanilard solutions should 1k* kept in a cool place, to minimise c^•nporatlon. 

Some standard solutions, such as potnvsium permanganate and silver 
nitrate, arc dccom|»osed by tlic action of light, and should therefore l>c 
kept in the dark. A cool, sinrk closet or cellar Is generally the most 
suitable place of stonige, but If a dark place is not a\'nilab!e'thc Imttles 
may l>c coatctl rxteninlly svith black paint or snappcil with hLack opacpic 

pOIKT. 

Solutions which change rapidly in conrcntnition vlicn exiiosed to the 
air, e.g., n wilution of wKliiim hydroxide, are licst stoml for short perioils 
In the npjinnitus Ahcmn /n IVg. 7 », p. 135. If so<Iium hyilmxidc is lielng 
used, the tulie at the top of the iKitllr should !« filled with sixla-limr, and 
therefore the alVali xriU ahmj-s !« out of contact with carlion iHoxlJe 
while it is standing either in the storage wssel or In the Inm lte. 



SECTION VI 

ALKALIMETRY AND ACIDIMETRY 
The Ph Notation 

A solution can be defined as a solution in which tfie 

concentrations of hydrogen and lij-droxyl ions are equal. Thus pure 
water is neutral and contains approximately 10~’ grm. equiv'alent of 
both hydrion and hydrox}’! ion per litre. Their product is 10”^^ and, 
according to the Law of Slass Action, whenever water is present the 
product of the concentrations of the hydrion and hydroxyl ions must be 
’ A solution containing rather more than 10“^, say 10“®, grm. 
equiv’alent of hydrion will be slightly acid ; it will contain 10~® grm. 
equivalent of hydroxj’l ion per litre. Similarly a decinormal solution of 
hydrochloric acid, assuming complete dissociation, will contain 10"^ 
equivalent of liydrion and of hydroxyl ion ; decinormal sodium 

hydroxide, again assuming complete dissociation, will contain 10”^® 
equivalent of hydrion and 10~* of hydroxyl ion. 

This method of expressing the concentration of hydrogen ions is a little 
awkward, and what is known as the “Pu notation ” has been introduced 
to simplify it. According to this notation, a solution containing 10“® grm. 
equivalents of hydrion per litre is said to have Q Pjj of 3. The Pji Is tlms 
the common logarithm of the reciprocal of the hydrion concentration. In 
the present.cxample ; 

108..,-;^, = 3. 

The Pfi of o decinormal solution of sodium hydroxide will be 
approximately 13 ; of pure water, 7 } of decinormal hydrochloric acid, 1. 


Use of Indicators 

When an acid is being determined by titration with a standard solution 
of a base, the object is not to produce a neutrarsolution, but to odd an 
equivalent quantity of the base to the acid. If the acid and base are 
both strong, the resulting solution will be neutral ; it so happens that 
In this case the neutral point and the equivalence point arc identical. 
Put if we add an equivalent of a strong base, say sodium hydroxide, to a 
weak acid, say acetic acid, the resulting solution will not be neutral, but 
alkaline. Tliis can be shown by dissolving sodium acetate in water, when 
an nlknlinc solution will be obtained owing to hydrolysis : 

Cllj.COOXa + lIjO = CH5.COOH + Na* + OH'. 

The small quantity of acetic acid resulting from the reaction will be 
almost completely unionised ; the sodium hydroxide, on the other hand, 
will be almost, completely ionised, and the solution will contain a small 
excess of hydroxj’l ions. Its P^ will be greater than 7 ; it will be 
alkaline. 
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Similarly, tlic salt of n weak l»a«c and n strong acid (f.g., CnClj) gi%cs an 
ncidic M)lution. 

Indicators for use In ncldimctiy arc somewhat complex org-anic 
compounds svliicli un*lcrgo ninrkrtl colour changes svhen the I’,, of the 
soljitiou In which they arc present changes, Tliev can therefore Ik* U'‘i'<l 
to measure 1*||. and to show sshen an cquixalent quantity of a base has 
Ixrcn nddetl to an acid. ThU'., when titrating acetic acid with a solution 
of sodium hydroxide, tljc solution \sill at fii>t l»c acid, then ncutnil, and 
flnnUy, and this l)cfore the cnd*point is rcachesl, alkaline, and an indicator 
which changes colour at the appropriate alkalinity must Ik? chosen. One 
which changed colotir at l*n7, the neutral |>olnt, would Ik: useless in tin’s 
titration. 

A large numl>cr of iiulicators arc now available, but, in practice, two 
only arc generally used — methvi onmgc and phcnolphthalein. Methyl 
orange changes colour In the I'h range 2-0 to t 0, i.r., svhen the solution 
is still acid. It Is therefore useful for the titration of weak bases by strong 
acids, and, for n reason which will ajiponr later, of strong bases by strong 
acids. The I*jj range of phcnolphthalein is 8 rt to 10 0, and therefore it is 
suitable for the titration of weak acids by strong bases. As the 1*„ of n 
solution of a weak acid changes only verj* slowly when a weak base is 
tuldc<l, the ln«lIcntor mctlio<l is unsuitable for the titration of svenk acids 
by weak bases or vice rersd. 

For the theory of itullcnt(>rs, ^ec }'olumetric Anati/%ii (12th 

Iklitinn) ; lluorcscx'nt ludientors arc referrtsl to on p. 

Notes on the more hniKjrtant indicators arc gi\en l>elow. 

Methyl Oraose. Tliis l^ll^>tnnee is nl«K> known ns IJrlianihin, Trop.c()liu I), 
or Onitige III. In acid fotutioa its eohair is red; in alknline, yi'Ilow. T!ie 
I’k mttgeoser ssliich llie cotcnir change fnmi resl to yellow takes pl.sre is 2 0 to 10 . 
Tlie ladientof is |ircpnrrd by dissolving OOi gnn. of the eotntiound in 100 in), 
of didll list water, tlnedrop i«cr lOo ml.of Kolution tol>r tilmttsl slioold normally 
l>e taken. The colour of iiieOisl orange ilc|>en4ls to some exlcnl,on Its degree 
of diltilinn : the more dilute the •nliitioii, the tunrr vrllow the eoloiir. Tbeirfore 
If is ini|Mirt(int that the r»>nrenfr:itIons of this inirirsdor in flie Kolutioii uiuler 
titration and in the solution srben tlie arid or b.ase is lieing stnnd.inlbed, sliould 
l>e at Mint the same. T«» obtain tlw lies! results ssitli nicthsl omnge, the eonrentni* 
tion of nrlfl nr base sliouM Ik* comirtrallsrlv high and the solution should Ik* 
cold. 

The parthnitar virtue of this Indlnitor lies In the f.>rt that It Is yellow in nil 


orange licluisTs exactly ns If It wen* a solution «>f s<Mliiini hulroxide. MorenseV. 
Ibis Indir.dcir ignores the neri>lrntal iiilnKluctioti of mrlsin dioxide into »land.nnt 
solutions. Tbrrrforr it Is useil s«benearr iKrs'lhle in the lilnlioii «if sfnnig burs 
by stnuig adds, of weak b-i»<*s (r g„ aminonis) by strong arids, and of r;irtK>n ites 
b\ sfn)ng neiib. 

rbfnolrhthilfia. The sobitiou «»f this iri<lient»r in neutral ntmbfd is isdotirless. 
When n few dfojn are adileil to the solution of nu alkali, the lifiuid assumes 
an intense rtsl eolmtr : Itiis cx>h>tir is readily ^lestrujnl b\ Ibe nddlliori of nn 
excess of either minrrsl or orgsinie aehl, am!, iniieb less easily, i»v a large rom'rn* 
tratlou t'f n strimg alknll. modrnitr rxerss of indit^tof dors no Inmu 
l’t«-»K>t|i!ittiabm b sulInMr for |1 m* titration of Inorganic nml orgnnie adds 
with »trtf(ig bV»r-s, bit It ramud l>e iisesl in the presriire* of Mirbuiic «d'l «>r <*f 
nninx-ti'ium salu. it is solublr in alrolud an>l iu a1eriho}<lher mixtures, |l 
ran Ik- u.tsl for the drlermhutl.rtM'forgiriJeadds wbieb nrr lijsobjt.b In water’ 
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The presence of free CO^ in ordinary distilled water causes a slight error, 
which should be allowed for, particularly if dednormal acid solution is being 
used. \Vhen a titration is being carried out. the liq^uids in the titration ilaslc 
should be mi^ed by swirling them round, ^e surface should not.be broken, 
because the absorption of CO. from the air then becomes much more rapid, 

r. ’ ' s ’ 

\ . (■:», ■ ; • •••. . 

of rectineo spjnt, aduing 4U ml. of water and iiitenng if necessary, i iie i’n range 
of phenolphthalein is 8-3 to 10 0. ^ 

Lilmtis. This is a blue dyc-stufi obtainable from lichens, but its principal 
colouring matter, azolitmin, can now be purchased. An active litmus solution 
is prepared as follows : Digest the crushed cubes overnight with a 4-foId volume 
of 85 per cent, alcohol, and pour off and reject the liquid portion. Extract the 
residue for three successive weeks irith 66, fiO and 83 per cent, alcohol, respectively, 
decanting off the extract at the end of each week. Mix the three ejrtracts, allow 
them to settle for a further week, and decant off the liquid portion. To 5 ml. of 
this add 5 ml. of 0-1 N. sulphuric acid, ^lute to about 100 ml. and titrate to a 
purple shade with 0-1 N. alkali. ^Iculate the amount of nitric acid which 
must be added to the remainder in order to ensure that in the above titration 
exactly 5 nsl. of 0-1 N. alkali are required. Add th^ quantity, allow any solid 


affected by carbonic acid. The Pji of a solution o'f CO| in water may be taken to 
be 0. At this value litmus is a purplish colour, neither red nor blue. If, then, 
n solution of hydrochloric acid contaminated with CO| from the atmosphere is 
being titrated with pure sodium hydroxide, the hydrochloric acid is first 
neutralised, but the definite blue, allraline colour does not appear until the 
carbonic acid also has been neutralised. The change from red to blue is not 
sharp, and poor results may be obtained. This difficulty is overcome by boiling 
the solution to expel the CO,. 

An extreme example of the influence of carbonic acid on the colour of litmus Is 
the titration of sodium carbonate with hydrochloric acid. A solution of sodium 
carbonate has a high Pn, and, when litoius is added to it, the solution will be blue. 
^>7100 the hydrochloric acid is run in, CO, will be set free. Much of this CO, will 


IiitinnS'Paper. A moderately concentrated solution of purple, neutral litmus 
solution is prepared, and strips of sized paper arc drawn through it. The strips are 
hung up to dry in a room free from acid fumes. Ordinary sized paper produces a 
more sensitive test-paper than does flUer-paper. 

Uefhyl Red. Tliis indicator is suitable for use in the titration of weak organic 
bases and ammonia. ^Vhen added In small quantity to an aqueous solution of 
weak bases it colours the liquid pale yellow, but the addition of a drop of dilute 
acid in excess changes the colour of the liquid at once to violet-red, and I drop 
of ammonia is then sufficient to render the solution nearly colourless again. 
Methyl red is not very sensitive to carbonic acid, but it is more sensitive than 
rac^yl orange ; it is therefore less suitable for the titration of carbonates, hut 
carbonates can be titrated in its presence provided the solution is boiled offer 
each addition of acid, or if the method of back-titration is used (see under 
Litmus), 
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The Bliarp change In colour of tliis Indicator from pale jtllow to violct-rcil 


a drops ore odded to each 100 ml. of the liquid to he titrated. The I’u range of 
methyl rc<l Is 4 2 to C 3. 


of paper is wetted wltli water and one e«Igc Is then dippetl into a svcakly acid 
solution, we get in iuccesslon the yellow colour due to the acid, n brown band 
due to the water, and the unchanged yellow of the drj' paper. This change is 
ver)* sensitive. Turmeric behns'es like phcnolphtlialein and is used for tlie titration 
of weak acids, such ns acetic, oxalic and citric, by a strong base. It con used 
with liighly«coIourrd solutions, and is used ns a test for Iwric acid in milk. 

Indicator Bottlea. Solutions of indicators should be kept in small, 
corked bottles. A small groove should I>c cut in the cork to nllow ncccss of 
nir. This is particularly important in the case of litmus, which dctcrinmtcs 
rapidly srhen kept In n tiglitly*stoppcrcd l>ottlc. The cork sliould nl«o 
carry n small pipette made by dmsring otit n pUss tnW nt one end. The 
end t)f the pipette sliouM reach down to the l>f)llom of the Iwltle. >\1icn 
some of t!>c Indicator is nccdc<l. the lK>ttic is tiltcil nt nn nngic, the 
lu!>c is clowl srith n flnpcr, and the pi|>ctte nml cork arc withdmmi. 
If the closcsl tube is held almost horiiontally over the vessel containing 
the llqtiid to t>e titmted, single drops of the indicator solution enn l)c 
<H)nte<l out of the pipette liy relaxing the finger i>rc.ssure nnd Incrensing 
slightly tlie slope of the IuIkt. 

Preparation of Standard Solutions 

Many directions and precautions, srhich nre of gcneml imjiortnncc in the 
preparation of standard solutions, nre given l)cIow, nnd nre not rcpentetl, 
blrrclhms ore given for preparing normal solutions, but for m.any 
pijqvxcs solutions of losscr conrentrotlon arc desirable, and for most 
puq>o«.cs other tlandard solutions nre perfectly satisfactory. 

The fetbh of normal solutions h.ns galneil a Ann grip on chemical 
|.»Nimtnrlrs, It Is vrrj* crmvenlent to work with normal solutions Iweausc 
tt certain amount of nrithtnetic Is vavni when the calculation is made, ns 
n stdume of any one normal solution Is cquhTilrnl to nn equal whime »if 
any other normal solution. On the other hantl, it is very much easier 
to make up A stamlnn! solution of nypmTimnirbj normal ronerntmtion. 
Tills ran usunliy Iw made up hi one stage nnd the sTuall, troublesome 
loljustments neeslet! to hring it rx.*irtly to nonnal. srhleh frequently 
Intrxwlure ermrs, can Iw omltlrsl. Tlir grnit lulvantnge of srorking witii 
nonnal solutions, tint the sirlght of n compound appmximnteltj equis-nlrnt 
to a gixTn sadumr of n nonnal solution can quiikly l«e caleulilnl prior 
to nn experiment, is not lo»t when the solution Is only apnror/fri/ifr/'/ 
normal. 
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As a general rule the concentrations of solutions and experimental 
results should he expressed and 'ivorked out in grammes per, litre and. not 
in terms of normality. The latter system is responsible for many 
arithmetical errors. 


Normal Sodium Carbonate 

This is a semimolccular solution, and contains 53-00 grm. of NajCOj per 
litre. Pure NajCO; is best obtained by igniting pure sodium bicarbonate. 

The bicarbonate should first be tested for traces of chloride and sulph.ate. 
The salt is shaken with a small quantity of distilled ivater in a stoppered bottle. 
The liquid is filtered, acidified with nitric acid.and the filtrate is tested for foreign 
radicals. If chloride or sulphate Is present, about 100 grm. of the bicarbonate 
arc shaken with a small quantity of distilled water, the salt is allowed to settle, 
and the liquid is decanted. The washing is repeated with fresh portions of 
distilled water, until the last washing srater gives no reaction for sulphate or 
chloride ; the bicarbonate is then drained on a porous tile and is dried by passing 
it betiveen drj’ shcetp of filter-paper. 

About 0 grm. of the pure bicarbonate, enough to make 100 ml. of the 
normal Eolution, are spread In a thin layer Inside a platinum or porcelain 
dish, which is heated over a Bunsen flame to full redness for some ten 
minutes. If the temperature is allowed to rise too high and a porcelain 
vessel is being used the carbona'le may react with the porcelain, with loss 
of carbon dioxide. The carbonate will probably sinter, and will then 
dissolve only slowly in cold wat?r and must be dissolved in hot water in 
u beaker, as volumetric flasks must not be heated. The solution must 
then he cooled and transferred to the flask, the beaker being washed out 
three or four times with cold water. 

Alternatively tlie dish containing the bicarbonate Is placed in an air-oven 
at about 100® C. Tlic temperature is raised to 280® to 800® C., but not 
higher, for lialf an hour, and carbonate readily soluble in cold water is thus 
obtained. 

In either case, the heated salt is allowed to cool in a desiccator and 
Is transferred to a dry, stoppered weighing-bottle or tube. The tube 
and salt are weighed together. 'Some 5-3 to 5--f grm. of the salt are 
needed, and therefore the counterpoising weights are reduced by 5 8 grm. 
Some of the carbonate is transferred to the beaker or to the measuring- 
flask, in the latter case through a dry filter-funnel. In either case the 
vessel should liave been brought into the balance-room. • The tube is then 
re-stoppered and its weight quickly estimated. It ought Btill to be too 
hea\y for the reduced counterpoise. Some more salt is transferred, and 
so on until the tube is just too light for the counterpoise. The tube is 
then accurately weighed. After a little practice in this method, it wll be 
found that “ weighing out ” becomes fast and efficient ; one soon Jearns 
to guess quantities correctly and to judge reasonably well from the swing 
of the pointer how far a balance is out of equilibrium. 

If a beaker has been used, the carbonate is dissolved In a little hot 
water and the solution is cooled. Tliis solution, or, in the other case, 
ilistilled water, has to be transferred to the lOO-ml. flask. Tliis is best 
done through ii funnel which must not fit so well into the neck of tlic 
flask tliat an air-lock is formed. This is ensured by pushing in a small 
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Ii«K)k or^;!assor a Ix'nlinatch'Ktick between lliefiiiiiicl and the neck. When 
the ilask hii-i iK-cn nearly Illkti. the funnel i<5 washed and witlalnum 
anil the Ilask Is stopj>cre<l. Its contents ate now mixetJ hy thorouph 
shakin;* and the solution is made up exactly to 100 ml. by addin': s\-ater 
slowly from a wash.lxiltle with n fine jet, or from a pii>cttc. The Ixittom 
of the meniscus must l>c in line with the pnidiiation mark at the appropriate 
trmiK mture. 'I'he Ilask is acain stopperetl and shaken. 

As the wei>:ht of carlionatc usc«l Is known, a standard solution has 
now In-en jirrparisl. If a nnnual solution is tequireil, the proccilure is as 
follows : Ix't the wtlj;hl of cjirlKinate taken l>c 5-t5 pnn. This will make 


of nonnal solution. Therefore make up the solution to the 100-nil. 
jrniduation mark, add 1 ! 8 ml. of dlstillcii w^»ter from a hiirctte. and nfaiin 
mix the eontents of the Ilask hy shaking:. 


Ilask. nml tlip Mntoh*i:lass Is (■sircfully waslirsl with a jet of water, all wushliig'* 
(Sintalnlii}; catlionute iK-htj* niMisl to the eoiilinls of the Ilask. 

It wjir lie seen that if <tne is content with a solution of approrwintfly 
nonnal roiuxuitration, the adjustments with a burette or with a spatula, 
wldeli may intriwlurc errors and wliieh, at l)est, are imdcsinihtc, are 
untuxx'svary. 

Normal Sulphuric Acid 

This solution is seiidmolccular, and should therefore esintain lO Ot ^'nn. 
of II^SO, |HT litre. 

The outline of the prc|>aratinn the Milutlon is ns follows : An 
apimipriiite»iuanlilyofpure>ulphuricneid Isdilutexi with water, hy addin" 
the arid to the sswter. The liot inistiirc is eiMileil, and its eoncentmtion 
found In Ulnitlnf; a {Kfrtion of it with the ftt.andnrd sodium carlKiiinIe 
MiluUon, The amount of water to l*c nddesl to nxluec it to nonnal eon* 
ssnlration tnay then W enUxilatcsI. 

Preporatioa ol the Solution. The sulphuric acid Is iKiurcd into a 
measuriiij-cjlmder (»r into some sitlirr vessel of suitable shajH*. Its 
sj«eilic j:ni\ity is then foutul l»y n hsdnmirtrr (p. IH). Supi>osc tlie 
‘{Ks'llie pniMty to Ite l-O'.i. A rcfsTcnee t*» the Table on p. 5<>« will show 
tiiAt sulpliuri'* add of this sjutinr ^nisily etmtuins 7fl HO i>er eent. by 
wri;’ht of the purr acid. IhiH’r I ml. of the s»>liition wrijlhs l-(;y "nn. 
and <s>titains 

1 r.!» s 70 TrO 

— I.WBmi.»riIr«().. 

Tor a birr of n<innal viluthm (mn. of are respiirrtl. A 

\.dumc of the Miluti'iu sli^ditU fitr^rr than tint n-spiirrsl Is mrastircil 
out Into a eslindrr. In lids msc M ml. nrr rr<pilrr<!, mi take 10 ml. 
Smie ml. of dlstillo! water are then pkieesl in an tm^ruliulnl Ikisk 
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and tlie sulphuric acid is cautiously added to it. The solution is then 
cooled and, at the same time, mixed by shaking the flask, while a stream 
of tap water flows round it. The cooling process can he completed by 
covering the mouth of the flask -nitli a good*sized inverted beaker, and 
playing water from the tap on to the bottom of the beaker. If this is 
done, care must be taken to see that the beaker rests on the top of the 
neck of the flask, not on the rounded portion. In the latter case the 
inverted beaker niay fill w'ith •water and the solution be spoilt. 

The cold liquid is transferred to a litre flask, and diluted to 1 litre. 
After mixing the solution again a portion is titrated with the standard 
sodium carbonate solution as described below. 

Preliminary Titration oi the Acid Solution- A clean, and well-drained 
20*ml. pipette is rinsed out, by partly filling it with the normal sodium 
carbonate solution, shaking the liquid round in the pipette, and allowing* 
it to flow away into the sink. Tills operation is repeated. The pipette is 
now once more charged to above the 20-ml. mark with the normal solution 
and, by carefully relaxing the finger pressure and twisting the barrel, the 
liquid is allowed to fall to the mark ; it is then allowed to flow into a 
250-ml. flask or beaker, and it is somewhat diluted with water. 

A burette luis now to be cliarged with the diluted acid. If the interior 
of the burette and the jet arc not peri'ectly dry, they must be rinsed out 
with a small quantity of the acid, which is rejected. The burette is then 
filled with the acid, and air bubbles are carefully removed from tbe tap and 
jet, by allowing some of the liquid to flow rapidly through to waste.* 

Sufficient methyl orange solution (1 or S drops) is now added to the 
sodium carbonate solution in the flask to give n pole yellow colour to the 
liquid. This yellow colour changes tojred when the sodium carbonate 
has been exactly neutralised by the dilute acid from the burette. The 
flask is placed upon a white plate or tile, and the acid from the burette 
is dropped gradually into the sodium carbonate solution and is constantly 
mixed with the solution by shaking it. The addition of acid is continued 
until the yellow colour of the whole liquid just begins to change to red. 
It is important that the acid should added in the slightest possible 
excess and th.at the change to permanent red should be produced only 
on the addition of the last drop of acid. Methyl orange begins to change 
colour at P„ 4 ; thus, when an alkali is being titrated with an acid, the 
end-point comes slightly too late. The first suggestion of a change from 
yellow to red therefore, should be taken as the end-point. This change is 
made much more noticeable if in a flask beside the titration flask there 
is a solution of methyl orange similar in concentration and volume. If 
the P|{ of this solution is greater tlian 4, the full yellow colour of the 
indicator ^vill be developed and the solution will act os a standard of 
reference. Tap water in volume equal to that of the solution to be titrated 
frequently serves. 

The volume of the' dilute acid solution, which has been required for 
the neutralisation of the sodium carbonate in the flask, is read on the 
hurettej and the result Is confirmed by repeating the titration in a precisely 
similar manner, srith a fresh quantity of the sodium carbonate solution. 
The two titrations should not differ by more than O-I ml. To avoid 
waste of time, It is perhaps better to carry out the first titration rapidly. 
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This will gi\c Jhin n:i npproximatc idea of the end-i)oint. The »-iass|uni 
point is then determined ami chccketl. Three titrations are thas ncct-_^,,jp 
Init each one of these cno Ikj csirried out rapidly. 

Errors in AnftlFsis. If a chemical annlysU, pravimctric or soluniclric. Is 
subject to errors which occur in a liapiiazard w-ny, the me.tij of a large number 
of determinations will probably gisx a more accurate result tlian one alone. It 
stould seem, for example, that a much more accurate result is obtaine<l hy taking 
the mean of twenty titrations than fmm one only. However, it can l« shown 
tlmt if one determination Is subject to n certain etror, the mean of three will be 
subject to luilf that error, of nine to a qiLirtcr, and so on. In fact, a point is soon 
rciichcd when the lalxuir expended In rextetStion is not worth the extra aecuracj’ 
nchics-etl. Common setLse mtist l»e uscil. 

A result base<l on one solitarj' titration Is worth verj' little. If it is based on 
three which do not differ very much among themselves, it is worth a great deal. 
On the other luind, If the results of the lirst two titrations are identical, it is 
often not worth while doing a third, Itecausc, e\en If the tlilnl result diverges, 
the arithmetic mean w-Hl not l>e much alterrst. Tliesc points arc discussed further 
on p. *185. Tlie hapluimnl errors of a eap.ablc chemist arc small. On the other 
hand, if tlic method and not the worker is at f.iult, a different melliosl must I»c 
sought. 5>omc of the errors Inherent in volumetric vsT)rk may be eliminated by 
the use of a weignt burette (p. 114). 

Process ol DilaUon to Konnal Concentration. These tilmlioiw should 
have provc<l tliat the acid solution h somewhat roneentmted. It may l>c 
made nonnnl in the manner illustrated by the following c\ample : 

Inn si)eclalr.isc,thc20 ml. of tlic normal alkaline solution were exactly 
ncutniliscd hy lfi 4 ml. of the acid solution. It follows that 18- 1 ml. of 
the acid must be dlhitetl to 20 ml. to provide a normal solution of the ncld. 
A litre of normal ncl<l Is tljercforcmadcby measjiring 18- 1 X SO »- 020 ml. 
of the acid into a litre flask and by diluting this to 1 litre w*ith distillotl 
vniter. This <lilut«l nci«l Is now thoroughly mlxMl, and Is once more 
titmtctl svith the alkaline solution, to ensure that no mistakes have l)cen 
made. 

Sole. If Methrl Red or Litmus Is uwtl us the iudimtcir ia this titnition a 
iM»mewlLit more aeairatc result will be obtnlneil, but the difference l)ctwecn those 


Titration alter Storage. Tlie acid solution usiuilly alters in concentration 
afler It li.as l>ecn storc«l fur some time. Its coneenlmlion must therefore 
l»c drlcnnineil occasionally by titrating it with a frcshly-jirri>nrcd solution- 
of Kxlium carbonate. 

Other Standinl Basic SubsUnces. Tlie sulphuric acid can I>c 
slnn.hnliwl against any other basic •ulistnne«> whieli esm Iw ohlnlnetl 
in a purr stair. One such sulManec K KllCO, ; the requisite quantity 
of the ounivnm*! is wrlgliM out ilirrctly; it Is not consTrtrt! to the 
norma! rarl«!ntr, which is drlifjtjrwnl. 

second substaner is metallir suditim, which r:in nosr l»e obtalnnl 
ill n xrrx' p»irr st.ntr. .\ himp of the inet.al is qtiirkly cut up Into pieevs 
weighing nl-out 0 5 gmi. A knife should Ijc uwxl and the mrtaJ 

sliould nrsrr I'C handlnl ilirrctly with thr Hrigrrs. It ran l>r lifted 
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y which also .serv'c to absorb any adherent oil. 
,^ransferredto n clean, dry, stoppered weighing- 
'^hey are exposed to the air tZiey sWJI become 
i^ide. This oxide fdm will appear to be quite thick, 
/a.T\ metal is handled at a reasonably fast rate, its 
^ It must be remembered that approximately three- 
1 15 sodium, and reacts as such. 

the sodium are weighed, and one lump of the metal 
f^to a conical flask, the mouth of which is partially closed 
dl funnel (Fig. 29, p. 32). The tube is reweighed. A small 
qiu. /oi etliyl alcohol is poured into the flask, where it will react fairly 
quietly with the sodium to gi'^e sodium ethoxide. The alcohol used must 
not contain much water. IVhen the sodium has dissolved, water is added. 
This reacts with the sodium ethoxide to produce sodium hydroxide, 
and, as the weight of this latter compound can be calculated, the 
sulphuric acid can be standardised. This is a convenient method for 
obtaining a standard solution of sodium hydroxide free from carbonates. 

Guanidine carbonate, (NH : C : (NHjljJj.HjCOj, is also recommended 
for standardising sulphuric acid. The molecular weight of this compound 
is 180'17, and therefore 90 08 grm. of It are equivalent to 1 litre of normal 
sulphuric acid. 



Normal Sodium Hydroxide 

This solution contains 40 00 grm. per litre ; it is prepared by dissolving 
about 41 grm. of sodium hydroxide, “slick soda,” in water. The clear 
solution, after cooling, is transferred to a litre flask and diluted to 1 litre. 
Twenty niillilitrcs of it are titrated with standard sulphuric acid, wth 
methyl orange as indicator. The stnnd.ard sodium hydroxide solution is 
tlien diluted with water until It h exactly normal, the^ final solution being 
checked by another titration. 


If the solution must be free from sodium carbonate and from other sodium 
compounds, a first solution must be made of not less than lOX. concentration ; 
the carbonate will remain undissolved, and is removed by decantation 

If the method of dissolving sodium in alcohol is used, take about S4 grm. of 
metallic sodium per litre. If the presence of alcohol is undesirable, the sodium 
' ’ 1 •• . - - • [jjj desicc.ator, from which 

■ ‘ ■ ■ ’ • ! the stop-cock of which is 

placed under the sodium, 

wjiicii will sweai imu uiip mio me ueakcr. 

Water, free from carbon dioxide, must be used to dilute the solution of sodium 
hydroxide. This is best prepared in small quantities by boiling distilled water 
under reduced pressure (p. lOS). If large quantities are required, air freed 
from CO* by bubbling it through a Jong column of a dilute solution of sodium 
hydroxide in a glass cylinder, should be passed through the svntcr. Before 
entering the water to be purified it should pass througii a vertical glass tube 
about 1 foot long and stuffed s»ith glass wool. This svill trap any of the sodium 
hydroxide solution which has been blown over by the air. 

The standard sodium hydroxide solution should never be exposed to the air 

nn/l lu> Sr, *«},» f^Srr 7R lukoro ,> IS 


Other Standard Acidic Substances, Certain acidic compounds, which 
can lie prep-nrod in n state of great purity, arc av.T liable for the fitandnrdisn- 




xon.vAn nrnnoriiLonic acid 


t iollof MvliiiMi •ithcrnJkalinc'Miltitioii’*. Of tlicM.*, |»ol5i‘>siiirn 

hi'.tilphatr, KIISO,, wlucli •.himSl Itc usc«! only if it is of una!ytla»l finulc 
(p. I'' pnjlmlily the most eonvcnient. The mnlectilar weight of this 

<xirni)otin(J Is IJin ‘J. niul therrfore i:W2 jjitn. of it "ill cvactly neutralise 
1 litre of nonnal stxliutn hydm\Hle. Any of the usual indicators can !« 
ciiiployt-d in the titmtion. 


/ /COOK \ 

iVitiissium hydr«)ycn phtlialatc jHitassiutn 

/ /COOK \ 

h%dro 2 rn tnrtmtc |C,n.O,< ; IKS *2), prdassium tcln*xalalp 

\ * *\cooir / 

(KnC, 04 .H,C, 0 ,.'Jl !,0 ; Wl*2h oscallr ncM (HjCjO^.'JlIjO ; llifi-l), and 
1)0117010 ncitl (CjIl^.COOII ; 1*22 I) arc also uN-ndahlc. Thoe arc all ucak 
acids and, thcrchin*, phcnolphthnlein must t)c use»\ ns indicator. It must 
Ik* rcmrmlxTcd that phcnolphthalciii is sensitise to curhon dioxide 


Normal Hydrochloric Acid 

This volution ts>ntains hS to ttmi. nf IICI }ht litre. A nonnal solution 
is lK*st iun<Ie hy mrasurinj' the sjKxillc grasity of the concentratwl acid, 
Tcfcrriny to the Table (p. 501), and pmeccrling cvaclly as is dcscriljctl 
umltr the prepamtion of nonnal siilpliuric acid (p. 120). 

Standardisation o! Hydrochloric Acid. The volution c.ui he standardised 
against sodium ciirlKinatc.or metallic MMlium, just us with sulphuric acid ; 
or upiitsst a staiulard s()lutton of sulphuric achl. using an urh!tmr>' solution 
ofn stmns alkali of appnixitiiateh nonnal oiacrntmtlon ns a link. If the 
alkali Is plaetsl in the laireMo In IkiIIi eases the hurettc ermrs for the two 
acids mil cancel out. arxl a scry exact result "III Ik* ohtained. 

II}<lnK’hloric acid »iiu aho Ik* standardtsol hy precipitating the chlorine 
as sps i*r chloride <p. 7 1). and weighing the sditotide. This mcthosl is very 
f xact aiul links together the two hnmciws of gr:i\imrtric and %*olumctric 
aiiahsis. 'IVu millilitres nf nonnal livdrorhloric acid vhoulil give l*i;i:i 
grm. of AgCI. .\s it Is inaecttnite to take Ics^ th.an in ml. of the acid, 
and as I't grm, of AgCI Is rather a large (piantity of pn-eipitnle to handle, 
the aeiil should Ik* dilutr<l to 0 IX., sshen Wl ml. of the solution will yiehl 
l> 7inT grm. of si|\rr cldoride. 

Standardisation of Hydrochloric Acid with Iceland Spar, .\nothcr 
rxc-rllriit imthtKl fijr vtaiidanlhlng Indroehlorle acid Is with leehuul spar, 
an ahuosi pure, natiind ndehim mrlMinate ; .’JO 01 gnu. are e<|uh‘nlrnl to 
nu ir. gnu. of HCl, or t«> l litre of the nonnal acid. Sulphiirie arid ettnnot 
Ik* vtniidardisf f] hy this nirtlaMl. iK-raiiM* fhrCnSO, fomir<l is comiKinitixcIv 
itiw.Itihlr In uwlrr. 

AN'Ul 1 gnn. 4*f th** rnishrfl sjnr N nreunitrly ueiglutl into a cxmlnd 
Mask. .\ knoun Mihitur, v:ty ml., of the acid is iiddrsl. nfler dilution If 
nrerssarv. The arid must U* in exi*rss. The flask may W uanntsl to 
hwtrn tlir M.liukai of the r-arlxmate. When all the sp:ir has dissiiKtsl, 
the •*>!utiiiii is n»)lnl,nnd the e\«-s-vs of nrhl U Utmlctl with any solution 
•tf Mvlitim hsdrwxidr «»f stiit.ahle esmerntmlion, with mrthsl orange jis 
tO'lieati.r, The ralrlum emisrs this Indieutor to f.tde, nml a dr)»p «ir Isso 
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of fresli indicator may be required near the cnd*point. Finally the same 
sodium hydroxide solution is titrated against 25 ml. of the acid to be 
standardised. 

In a titration of this tj’pe where a considerable amount of preliminary 
work precedes the actual titration, it is sometimes advisable to transfer a 
small quantity of ‘the solution which is being titrated to a clean tesMube. 
This can be done either at the start, or when the behaviour of the indicator 
shows that the end-point is approaching. The main bulk of tlie solution 
is titrated with boldness, and it matters little if the end-point is slightly 
overshot. The reserve in the test-tube is then added, the liquid from the 
burette is run in with greater care, and a nearer approximation made to 
the end-point. Finally tlie test-tube is washed, the washings being added 
to the main solution, the flask containing the solution is washed do>vn, and 
the end-point is accurately determined. 

An example to illustrate the method of calculation is given below. The 
use of the tabular form and of equations in even the 'simplest exercises 
in analysis is strongly recommended. 


Weight of spar and welglung-bottle »= 8'372 grm. 
Weight of weighing-bottle «= 7*247 ,, 


Weight of spar taken 


B 1*125 ,, 


Volume of HCl to dissolve spar sa 25*00 ml. 

Volume of NaOH to neutrome excess of HCl 4*75 „ 
Volume of NaOH to neutralise 25 ml. of HCl es24-l6 ,, 

Adda Bases 

25 ml. HCl 4*75 ml. NaOH -f- 1125 grro. CaCOj 

25 ml. HCl 24*16 ml. NaOH. 

Whence (24*15 - 4*76) = 19*40 ml. NaOH £i 1*125 grm. CaCO,. 


and 


25-00 X 19 40 
24*15 


ml. HCl. s 


1*125 grm. CaCOj. 


.* CaCO, + 2HCI « CaCI, -f H,0 -f CO,. 

2HC1 + 2 NaOH =» 2NaCl -}- 2H,0. 

Whence 100*09 grm. CaCO, m 30*40 x 2 grm. HCJ s 40-00 X 2 grm. NaOH. 

Therefore 1-125 grm. CaCO, b = 0 8105 grm. HCl. 

Heiirc Height of HCl per litre = ° ' ^°°° “ S™- 

Similarly 1 125 grm. CaCO. b o 0901 grm. NaOH, 

and Height of NaOH per litre ~ ^ lOTO ^ 51.50 grm. 

' 19 40 * 


/ It will be noticed that, incidentally, the sodium hydoxide has also been 
standardised. 

Note, The iodate method of standardistag acids (p. 180) is both accurate and 
particularly convenient as a means of linking up neutralisation and oxidation- 
reduction standardisation methods (see below). 

Comlatiohi of Volumetric Standards. The following scheme shows how a 
solution of hj'drochloric acid which has been accurately standardised (e.g., hy 
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tlif griM'niclric nirlhficl, p. 74), may be u«e«! iiv n fumlatncntal itatidanl for all 
llie *tnn<lnrtl Boltillons u^ctl In llie tbrrc branches of volumetric nnaIj"sU. A 
OB N.IH'I »oIution ii stable for long periods and therefore, may l>c kejit for 
cheeking purjxwcs only. It is uwl to prejorc a 0-1 N.IICl solution by dilution, 
and this, ttic priinaTj'woTkln}* staTvd&td,is tisedasfoUossrs to prepare tlic sccondarj* 
srorking stamlanli of each tj^pc 


NcntroilsatSon 
rcactioas (p. 127). 

01 K.ilknlis 
[N'nOH. Nn,CO,. 
nn(Oll)*, ete.l 

0 1 sIacIiIs 

fHr‘'04.C,H,0,. 

etc.] 


0-1 N.fia 

J 


l*reeiprtatlon 
reactions (p. 101). 

0 1 K.igN04 

0 knL.cns 


StAt , — As a check, IheO 1 N. oxalic acid may 
be tllmtrd against the 0 1 N.KMnOgor Ce(S 04)4 


Osidatlon-resUiction 
reactions (p. 180). 

0 1 N.!ca,S,0, 

01 N.KIO, 


OlS.lltCr.O, Olk'.I 

0 1 N'.lcSO. 0*1 nIasjO, 

0 1 N.lvMnO, 

0 1 N.TiCl, 

0 1 S.Cc(.S04), 


Determination of a Mixture of Sodium Carbonate and Sodium 
Hydroxide 

A jmrtion of tiic solution >s titmted witli stnndunl hyiIn>cI)loric ncld 
of snitnhlc roncentnUion, tising methyl oronpc ns imlimtor. This gives 
the total of cnrtwnnte nnd hydroxide. The cnrlionntc in nnother portion 
of the nohitinn Is prccipitntcsl hy adding n solution of biiriurn cldoridc In 
^ery slight excess : 

Na,CO, + ITaCI, *- HaCO, + itSaCI. 

The Nilulion is tticn titmtcil with the acid, tising idicnotphthalcin ns 
indientor, nnd t)ie scilumc of ncid mmxI is n mensure of Uic hydroxide 
present. I’hcnolplithalcin loses its colour utien the liydrlon ci>nccntmli*on 
is lower thnn tiint required to nttnek the prccipilnir of Imrium cnrtxinntc 
nrcurding to the reaction 

UaCO, d- 2H* 4- H,0 + CO*, 

nml thus it Is |>os^!b]o to neutmlbr the hyilroxidc with neid without 
dceomi»f>s[ng the mrlmnafe. 

Supix'^c Hint you iirc nskc»l to drtrmdne the sccights of vtdiuin 
cnrlmti.ate nnd Mwiinm t»ydn»xidc In n solution, nnd nrr tobl lliat liotli 
oniijiounds nrr prewnt in npprsjximnlely srrninnnnnl roncentmlion. Vou 
nrr supptinl svith titinnnl iisdrsirhlon'r nrld. 

I’il*rttr nd. of thr solution to !>r nnalys«I Into n efinira! il.nsk, dilute 
tfi nliout IfX) lid. nnd ndd 1 drop sif tnctliy) oningr indientor. Titrntr 
with thr nonnni ncid nntlt t)ir rolmir of tlir sohitlon Is no hmgrr n clenr 
jrll-iw, living nn nlkalinr snluthm of methyl ormgr ns n stnnd.ml fp. 110), 
I’llvcHr nnothrr BO rid. of thr soltiiloti Into thr conlral Unvk nml ndd nliout 
Jno nil. of hot water. Hun In n slight excess of liarium chlorlilc lirnch 
rmgrnt (p. 517) from n hurrtte in ^xiluines of 5 ml. nl n tiinr.nllowing ttir 
pfTcIpitatr to *rttlr, nnd noting whrthtr n further qu.anlity of kirium 
ehlorkjc raiitrs more precipitate to form. I.rt the \xihmir iisesl in n spreia! 

6-»» r»t« *v*t, 5 
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of fresh indicator may be required near the end*polnt. Finally the same 
sodium hydroxide solution is titrated against 25 ml. of the acid to l>e 
standardised. 

In a titration of this type where a considerable amount of preliminarj* 
work precedes the actual titration, it is sometimes advisable to transfer a 
small quantity ofthe solution which is being iitrated to a clean test-tube. 
This can be done either at the start, or when the behaviour of the indicator 
shows that the end-point is approaching. The main bulk of the solution 
is titrated %vith boldness, and it matters little if the end-point is slightly 
overshot. The reserve in the test-tube is then added, the liquid from the 
burette is run in with greater care, and a nearer approximation made to 
the end-point. Finally the test-tube is wrashed, the >rashings being added 
to the main solution, the flask containing the solution is 'washed down, and 
the end-point is accurately determined. 

An example to illustrate the method of calculation is given below. The 
use o! the tabular form and o! equations in even the' simplest exercises 
in analysis is strongly recommended. 


Weight of spar and weighing-bottle 8-S72 grm. 
Weight of welghiog*bottle » 7*2-47 ,, 


Weight of spar taken 


* M25 „ 


Volume of HCI to dissolve spar 25*00 ml. 

Volume of NaOH to neutralise excess of HCl 4*75 „ 
Volume of NaOR to neutralise 25 ml. of HCI b 24*15 ,, 

Adda - Basea 

25 ml, IICl 4 75 ml. NaOH + 1*125 grm. CaCO, 

25 ml. HCI 24*15 ml. NaOH. 

;>’henee (24 16 - 4*75) *= 1040 ml. NaOH u 1*125 grin. CaCO,. 


and nci. s 1*125 grm. CaCO,. 

' ^ CaCO, + 3HC1 « CaCI, -f 11,0 + CO,. 

2HCI + 2NaOn = 2NaCl -f 2H,0. 

Wieiice 100*00 grm. CnCO, s S0*4G X 2 grm. IICI 5 40 00 X 2 grin. NaOH. 
Therefore 1-125 grm. CaCO, = ITO 00 ^ ~ 

Hence Meigl.t of HCI per litre = „ jp-si grm. 

Similarly I-125 grm. CaCO. = „ p oppl grm. NaOH, 

and weiglit of NaOH per litre — 51-5P grm. 


/ It will be noticed that, incidcntnlly, the sodium hydoxide has also been 
standardised. ' 

No/e. Tlie iodate method of standardising acids (p. 180) is both accurate and 
particularly convenient as a means of linking up neutralisation and oxidation- 
reduction standardisation methods (see below). 

Correlationi oI Volniaetrie Siandards. The following scheme shows how a 
solution of hydrochloric acid ■which has been accurately standardised (e.g., by 
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Ihf pru'iuirtrtc p. 74), may Iw ii««! m a funclamcjilal »tand.inJ Tor »ii 

tlic utamlanl (tolulioa^ us«! in the tlirrc brandies of \olumctric nnah'sis. A 
0 5 N.Iiri solution li stable for long periods ond therefore, may l>e kept for 
cheeking purposes only. It li u.se<l to prepare a 0 1 N.IICI solution by dilution, 
on<l this, the |)rimarj' working standard. Is used as follosvs to prepare the secondarj* 
working itnndartli of each type i— 


Neutrausatlon 
tcaclloas (p.l27). 

01 N.AIknIis 
r.N'aOII, N'a,CO„ 
Ila(OII)„ete.] 

0 \ sIacIiIs 

etc.] 


0 1 N.fia 
I 

I'reclpilation 
reactions (p. 101). 

01 N JtgN’O, 
o i.nIi.cxs 


Oxidation-reduction 
reactions (p. 139). 

0 1 N.k’a,S,0, 

0 1 N.KIO, 


O'l^M 

01 N.l'eSO, 0 1 nIasjO, 


A'ofe. — As a dicck, IhcO 1 N. oxalic acid may 0 1 N'.ivMnOi 
lie titnite<! Rgninst the 0-1 N.KMnO. or Ce(SOj)| 0 1 X.TiCI, 

0 1 N.CefSO,), 


Determination of a Mixture of Sodium Carbonate and Sodium 
Hydroxide 

A ix>Tllon of ll»c fotutlon is titmted with slntuJunl hyilrocWorlc ncUl 
of Rultntde concenlnttion, using methyl omngc ns InilioUor. This gis'cs 
the total of cnrlKPonlc nnd hydroxide. The cnrl)onnlc in another jxjrtton 
of the solution is {irecipitntcrl t>y adding n solution of kirium chloride in 
scry slight excess • 

Nn,CO, + IhiCI, « llaCO, + DN'iiCI. 

TJie ftululion is then titnitctl sritli tlic ncid, using phenolphthnlcln as 
Indicator, un<l the volume of acid uscsl is n mcasun* of the liydroxlde 
present. I’hcnolphthnleln loses its colour svhen the hydrlon concentration 
U lower Uian that rerpiircsl to allnck the ptecipilnlc of ImriumeatlKjnnlc 
arettrding to the reaction 

IlrtCO, -f 2II* I)a*« + 11,0 + CO,. 
nn«l thus it Is possible to ncuirnllsc the liydroxide with ncitl srilhout 
dccomjKwitig the cnrlmnate. 

Sui)jK»xe tti.it you im* nskcsl to detcnuine the secights <if sodium 
cnrlHuiatr nnt] Hxh'um hjdnixidr In n Mslutlon, nnd are tohl that l>oth 
ct*mj«ouniIs are present in nppn»ximatrly wminnnnnl concentration. You 
are stippllrsl with normal liyiinK*h|oric acid. J 

I’ljwltc 50 ml. of tlic MsUilton to Iw analsvsl tui« n comical Hash, tlllnte 
to nlmut 100 ml. nml niM 1 drop of methyl orange inditsitor. T/lra(e 
with the nonnal nclil tmlil the colour of the Mdullon Is no longer a clear 
srtkm, Using nn alkaline unluthm of methyl orange ns n stnnSa’l'p. i/ilO). 
I’ljK-ttr nnothrr 50 ml. of the solution into the conical fl.iskii'lidd^P^ilKmt 
10(1 nsl. of hot sratfT. Uun In n *u«u* 
rmpTfit (p. 517) frmi a burette In 
prrelpitntc to »rttle, and noting • 
chloride rmises more prrclpitflle to ' 
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case be more than 15 ml. and less than 20 ml. Now add phcnolphtlialciu 
and titrate with the acid ; assume tliat 20-5 ml. are required. • 

If barium chloride is added in considerable excess, it ivilJ react ivith 
the sodium hydroxide to give barium hydroxide, and poor results will 
be obtained owing to the rapid absorption of carbon dioxide from the air 
by this compound. Also, if the precipitation is done in the cold or in the 
presence of sodium hydroxide, a considerable proportion of basic barium 
carbonate will be formed. The preliminary result for the sodium hydroxide 
will be too low for this reason. 

Therefore take another 50 ml. of the solution, dilute It to 150 ml. with 
cold water and run 20-5 ml. of hydroclUoricacid slowdy into the moving 
liquid, to avoid any loss of carbon dioxide caused by a high, local con- 
centration of the acid. The solution at this stage should contain all the 
sodium carbonate, together writli a very small quantity of sodium 
hydroxide. Now heat the solution to about 70® C., run in 20 ml. of the 
barium chloride solution, add phenolphthalcin, and complete the titration. 
Repeat until concordant results ore obtained. 


huiuuuii ts uquivuieia lu >4*4 mi. oi iici. 

TlmstlioNaiCO.la^N. 

But N. NfliCOj contains 53 grm. of the salt per litre. 

Hence JJ, NajCO, contains NojCO* per litre. 

.Similarly the concentration of the sodium hj-droxide is 

.Vo/e. The “ double indicator ’* method is sometimes recommended for tbU 
determination. The solution is titrated wth N. HCl, using phenolphthalcin 
as indicator. This is supposed to lose its colour when all the NaOH has befen 
neutralised and the Na,CO, quantitatively converted to NaHCO,. MethvI 
orange is then added and the titration is completed. This method gives reasonable 
results provided : (a) The alkaline solution is, very dilute and eveiy precaution 
IS taken to prevent premature loss of CO„ for instance by dipping the tip of the 
burette below the surface of the liquid, and by running the acid slowly Into the 
moving liquid (b) The solution is icc-cold. (c) The solution contains about 
20 gnn. of Nal 1 per 100 ml. 

It IS perh.ips better to carry out a titration without precautions other than 
the prevention of loss of CO*, and then to standardise the acid against o solution 
containing knosvn concentrations of NojCO* and NaOII, using exactly the 
sarr^ tcdmjque ns in the determination. The standard solution should be of 
slmihr concentration to that the solution to be analysed. 

Tlhs method, however, is suitable for the determination of small quantities of 
Na,CVj in the presence of much NaOII, since stringent precautions need not Uien 
be taw n 

Defcrmjnation of a Mixture of Sodium Carbonate and Sodium 
Bicarbonate 

. examine commerciol sodium scsquicarbonate, wliich has 

* formula Na,C0,.NaIIC0„2n,0, and use approximately - 

*olutlons. .. 
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Make np ft solution of sodium scsqulcarbonntc contftinlng nn nccuratcly 
weighed ciuanlity of approximately 3*5 gnn. of the salt in 500 ml. 
Titrate 25 ml. of this solution with standard, approximately 01 N. IICI, 
using methyl orange as indicator. Tlie volume of IICI used measures the 
KojCOj plus the XallCO,. 

To another portion of 25 ml. ftdd, from n burette, 10 ml. of standard 
approximately 01 K. NaOII, to clurngc the bicarbonate into carI>onntc : 

KallCO, + XnOII = Na^CO, + H,0. 

Tlie NnOII must lie in slight excess. Dilute to 150 ml., heat to 
approximately 70* C., and from n burette run in bench barium chloride 
solution diluted ten times. Tliis must Ijc In slight excess (p. 120), or the 
precipitate ss'ill lie an Indeterminate mixture of Ixarium carbonate and 
barium bicarlxmntc and the results will be worthless. 

Finally, add phenolphthalein and titrate svith the 0-1 N. IICI ; 3 or 4 
<lrops of acid should discharge the colour. If more ore required too much 
XnOII has lieen used, and the precipitate may contain basic barium 
carbonate. The titrations must then be rci)cated, using dlifcrcnt quantities 
of Roilittm hydroxide until the spccifictl conditions arc satisfied. 

.. If the solutions of N'nOlI and IICI ore equis*nlcnt, the volume of NaOIT 
taken, less the volume of IICI use<l, is ft measure of the KallCO, present 
In the salt. The weight of Ka|CO| is then found by difference. 


Indirect Determination of Barium or Calcium in Solution by 
Standard Solutions of NaiCOj and of Acid 
Tlie method consists in adding ft knosm \*ohimc of dccinormal sodium 
cnrl)onfttc Mliilinn to the neutral solution containing the barium, which 
is nd«le<1 In quantity more than sufUcIcnt to precipitate the vholc of the 
Imrium ns carlmnatc. To exeftide the formation of barium bicarbonate, 
the solution of the s-all shoiiM lie dilute and nl about 70* C, before the 
earlionntc is ncMctl. Tlie excess of sodium carbon.ile Is dclcnnlncd by 
titration with dcelnommi acid solution, using phenolphthalein ns indicator. 

Tlie dlfrcfrncc lictwccn the original quantity of sallum carlionntc taken 
and the quantity thus f«iund liy titration is the weight of Xn,COj neccsvirj' 
to pn-clpltate the tarium ns earlmnatc; nn»l from this the sreight of 
Iiaritun STliIch was originally prrwnt in the solution may lie cnlnilatcd as 
Is slinsm in the fulloselng example J 


III n rase, llir b.oriiim seas prreiplUtrd from MiliiUnn by n'Iding to ft 

no 2 ml. of dfcinornial iic><niini carlwnate. Tlic excess of Mvlium carbon.ate 
rrfpilml 5'i m!. of rlerlnormnl bs drochlorir odd for nmlrnlNalloR. Nose, the 
iiltmolpfillwlelti fjclcn «lirii nil "tlie soiliuni carl>otj.ate has lieen convrrtctl to 
blenTlmnate. 

.Va.ro, + Iia •• KnIICt), + NnCI. 

Tims fi 1 ml, Ilf 0 1 N. IICI are rquIsTilenI to 10 8 ml. of 0 I N. Na,CO,. Ilrnce 
tlx* sndtjme of Mxlhim rarUsnate solution s»Meli seas rrquimi to prtdpltate the 
l>aritmt sens 

.70 3 - 10 8 •. 10 4 ml., 

arxl ear li ml. of lldi soliilldri contains 041023 urrn. of Na,CO,. 

N<»sr fn>in the equation, » 


It still |x> sfYn that 

of.s’a.av 


ItACI, 4. Na.rt), - naCO, ■* 2NaCI, 

137-4 parts by srrl^jlit of Its are jurdpllatesl by lOOO pirt« 
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Therefore each ml. of the NajCOj solution corresponds Trith • 
= 0 ooosr grm. of Ba. 

Hence the weight of Ba which was present in the above solution is 
ID -i X 0 00087 = 0'133 grm. 


Determination of BjO« !n an Alkali Borate 

As free boric acid produces no change in the colour of methyl orange, 
alkali borates may be titrated toUi standard acids using this indicator. In other 
words, solutions of alkali borates react towards the methyl orange as if they 
are solutions of alkali hj’droxides. Since» however, boric acid acts as an acid 
towards phenolphthalein, the acid may be determined quantitatively by titration 



present ; this will produce free boric acid corresponding mth the borate in the 
solution. 

Now add SO ml. of glycerol, which must not contain any acidic or alkaline 
Impurity, and titrate the liquid with 0 5 N. NaOH, using phenolphthalein m 
indicator, until a pink colour appears ; then add 10 ml. more glycerol and again 
add the NaOH until the pink colourtcappears. Repeat until the solution remains 
pink after the addition of more glj'cerol. From the amount of 0-5 N. NaOH used, 
the B,0, present can be calculated. 

2B,0,.CH,0 + 4NaOH = 4NaB0, + 8H,0. 

Note 1. If the borate contains carbonate, neutralise with acid, and boil for 
a few minutes in a flask fitted with a reflux condenser. The COg will be driven 
off, but the slightly volatile boric acid will be condensed and returned. Then 
rinse the condenser, place the washings in the flask, cool end titrate as before. 

• * ! , " » 

■ ‘ . . ’ • t • 1* 


Note S. A better way to bring the solution to the correct Pn before titrating 
the boric acid is to add first a slight excess of dilute HCl, and then an excess o^VT 
solution containing potassium iodide and potassium iodate in the prop^ 
of 4 parts by weight of the former to 1 part of the latter. This mixtuiP 
destroy the excess of HCl without reacting with the free boric acid : 

KIOs + 5ia + GHCl = CKCl + SH,0 + 81,. 

.The free iodine is destroyed by the careful addition of a very sligh^ e 
sodium thiosulphate solution. After the addition of glycerol the boric af 
be titrated. 

Determination of Amino Adds 


bo 

de 




CO’ ... . Ji . 

and therefore are normally too weakly acidic to be titrated directly witli Na 
If, however, an excess of neutralised formalin solution is added, the — NF 
replaced by the methylene imino group, leaving the *- COOH group avalli. 
for titration : 


R.COOH J^I, + H.CHO HjO + R.COOH.N:CH,. | 

mnisation constant of the compound resulting is about 1,000 times tluf 
?i ‘^fT'^Ponding amino acid, and therefore titration with alkali will' 
p icnnlpbth.ilcm as indicator becomes possible. i / 
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Example. I’lrp-irc a O.l X. MluUon of shrine (monoimino ocelic nrid, 
KH,.Cir,COOH) hy diwolvlnp 7-51 stni. In 100 ml. of water. I’lpettc out 
25 ml., mill Approximately 5 ml. of neutinlKcd foTmalin, nml lilmle wjtli 
0*1 N. NnOil ^tli phcnolpIith.nlrin tw indicator. 


Direct Determination of Ammonium in its Compounds by Liberating, 
Absorbing and Titrating the Ammonia ' 


The luninonla, expelled by hcfitins the ammonium comjwund with n 
concent mtcil solution of sodium hytlroxlde, is nl>sorl)e<l in n known volume 
of standard ncid, ond the excess of ncid is dclemilnctl by titration with 
slnndanl nlknli, ns baa already been descri!>cil (p. 82) ; a kno^m volume 
of standard sulphuric ncid is used in the flask {h, I'i". Cl, p. 83). 

As soon <is the evolution and alrsorptlon of the ammonia is complete, 
the nhsorjition oppamtus Is rinsed out'with svatcr, nnd the ncid nnd 
washln;ri nre ma<le up to n suitable x-olume. An aliquot iwrtion is titrated 
witli standard so<lium hydroxide, using methyl orange ns indicator. TSvo 
lUmllons sIkiuM not differ by more than 0-1 ml. The mctho<l is tmich 
more ripid than the gm\-imctric method descril)e<l on jip. 82 — 84 ; it 
Is used in a modified fomi in tlic Kjehlalil metliwl for the detennination of 
nitrogen In orpanic compounds {p. 435). 

Tor practice, determine llic percentage of NTI| in NTIjCl by svcigldng 
out nceurntely ntwut 4 grm. of the s.ilt into tiic distiliation'flnsk. Distil 
Into 100 mi. of approximately normal II^O|. Make up the volume of 
the distillate to 250 ml. Take an aliquot portion and titrate it srith 
npproxlm.itely 0-5 N. NnOII. 


Delennioalion of Nitrates by Reduction. Nitrates can be reduced to 
ammonia by Downla’s alloy in the presence of a concentrated solution of 
WKlIum liydroxldc, and tlic nminonl.a distilled off nml collcctcsl in standard 
acid of suitable concentration (see p. 8t). A waniing has nlrcndy been 
given against (tlslilling over the ammonia too quickly, l»ccousc Him, 
almost certainly, some of tiie ver>' concentrated sodium hydroxide svill be 
*srrie«l into the stamlanl ncid nml tliclilration ssill l»e nilnctl. ICxamnlc : 
anilt 
la i)t 

iQfjyj^ffminatloa of the Percentage of Sodium Nitrate In Chili Sallpelre 
U %hm .NaNO, a Nil, a Iia c NaOH 

85 0 sn M 4000 

^ rtUmlntiry. TIjc »rheme mitllnesl al»ose stiowi th.st 85 grm. of NnNO, 
y^^j^equivalriil to Art Irt grm. of IlCI. As ClilU ^altpelrc groerally contains 

50 |wf cmt. of soiliiiin nitrate, — IT grin, of tiic saltpetre may Ijc 

‘^ulvalrtit to 1.000 ml. of 0 1 N. HO. 

‘i:TprrimtntaI. About I grm. of Hw •.■ilt|«etrc was weigliet! out nti<l placetl 
M's tlkr rr.|iirt}an fitiV. It was disMlsrsl In a little water, and oIhiuI 5 gnn, of 
s,4r»elyK-m«be>l I)es-anl.s’t alloy were adtleil • lOO ml. of no f*er cent. .V.sOII 
W-’am •Iciwl) adJesI llimuch tJ»e funnel. TIte rraetion lervle*! to !< s blent. After 
rulf an twnir. iulf the liquid In the rrtluetlon ClaA was slosslydbtnieil over Into 
u 100 tnl. of approximately 0 1 N. lUI, tlngol with mrtlis I orange. Tlir Imheator 
rrmaineil pink, 

Thrn the i!<-Ii\er>' tul«es were washrsi slown with distilletj smter, Tlie arid 
Was truhtfrrml to a measuring flask ami made up fo 250 ml. Tifly ml. were 
titraleit against approximately 005 N. NaOlI, using inrihs I orange. 
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syphon off the solution into the bottle shown in Fig. 78, and protect 
it with the soda-lime tube. 

Barium hydroxide is best standardised against a standard solution of 
oxalic acid, using phenolphthnlein as indicator. 

Determine the Solubility o! Carbon Dioxide in Water. But about 150 ml. 
of distilled water into a clean measuring-cylinder of 500 ml. capacitj'. 
Lead a stream of pure carbon dioxide through the water for half an hour. 
The gas can be generated in a Itipp's apparatus by the action of hydro- 
chloric acid on marble. The gas should be passed in succession through 
two wash-bottles containing water to remove traces of acid. Stop the 
stream of gas. Close the cylinder and shahe up the liquid with the gaseous 
CO, which will now have displaced the air in the cylinder. Then pass the 
gas for five minutes longer, stopper, and shake again. Read the temperature 
of the solution and the barometric pressure. 

Measure out 50 ml. of the approximately 0-1 N. Ba(OH)„ dilute it with 
50 ml. of distilled.water, and run In 50 ml. of the carbon dioxide solution, 
which can be taken up in a pipette, provided no great suction is applied. 
Titrate the excess of Ba(OH), with standard approximately decinormal 
oxalic acid, using phenolphthalein as indicator. 

Small errors, due to the absorption of CO, from the atmosphere, will 
have been introduced during this operation. Tliese can be allowed for 
fay taking a second 50 ml. of the Ba(OH)„ diluting with 50 ml. of the same 
distilled water as was pre\’iously used, and titrating with the oxalic acid 
under exactly the same conditions as before, but without the addition of 
tlie solution of carbon dioxide. The difference between the two wlumes 
of acid is a measure of the CO,-content of the water. 

Express the results as volumes of CO, corrected at N.T.P., dissolved in 
unit volume of water. The result can be checked by referring to Tables of 
Phj’sical Constants containing the solubility of CO, in water under various 
conditions (sec p. 520), 

Detemdnation of Phosphates 

The Phosphate is precipitated as Phosphomolybdate ; this is dissolved 
in a measured excess of Sodium ^droxide, and the excess is titrated with 
standard Hydrochloric Acid. 

The phosphorus is precipitoted from a fairly strong solution of nitric 
acid by a solution of ammonium molybdate in considerable excess. The 
composition of this precipitate is (NH 4 ),P 04 'J 2 Mo 05 - 2 HXO,.II, 0 . 

The procedure for the volumetric method is exactly the same as for the 
gravimetric determination up to the point at which the phosphorus is 
completely precipitated (sec p. 78). For practice, find the percentage of 
phosphorus in crystals of potassium dihjtlrogen phosphate, KH,P 04 . 

Weigh out about 1 grm. of the crj’slals, place them in a meflsuring-nask 
of 500 ml. capacity, and make up to the mark with distilled water. Take 
50 ml. in a 500-ml. conical flask, and odd concentrated UNO,, NH^NO,, 
and ammonium molybdate as described on p. 70. It is well to precipitate 
the phosphorus in at least three aliquot portions of the solution, in parallel 
at the same time. 
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After the prccipitntcs have been Mlowcd to settle In o wvrm place for 
one hour, they ore filtered through ordinaiy* filter-paper of good quality. 
They must then be ^va«hcd free of the nitric ncid which Is wetting them, 
but as this cannot be done without removing some of the nitric ncid of 
constitution (sec formula) the whole of the nitric ncid should, strictly 
speaking, be remosed. Tlie washing liquor Is a cold 1 per cent, solution 
of i>otnssium nitrate in water. Wash each precipitate six times, but 
make no nttempt to transfer the last of the precipitate from the flask to 
the paper, though, of course, each flask must be rinsctl out svith this 
liquor Iwforc It Is »isc<l for wnsliing the paper. Do not trj* to wash the 
preciplintc until the runnings no longer have nn ncid reaction. As the 
phosphomol^bdatc is filightty soluble in the cold ssnshing-liquor, some 
of the prccl{)ltntc is removed by it- On the other hand, traces of acid ore 
left. If the washing Is carried out cfllclcntly, to wash six times is n good 
srorking compromise. 

Tljcn transfer the precipitates with the fllter-papcrs Ijaek to their 
original flaskii. To each flask, add 50 ml. of ilistillcsl srntcr and 50 ml. of 
nnvtandardlsetl Kodlurn hydroxide of nlMut M'mlnormnl concentration, so 
tlial the Ro<lium hydroxide N itt excess. Disseflve the precipitate in the 
alkali by shaking the flask and breaking up the flitcr-pnper with a glass 
nxl. Make sure that no precipitate, particularly that at the apex of the 
pajKT, remains undissohxxl. A<ld 10 dro|>s of phcnolphthnlcin, and titrate 
sritli standard approximately 0 5 X. IICI. 

rind the S'oUime of the llCi equisulenl to 25 ml. of the XnOII by 
titrating that volume of alkali under similar conditions. 

The weight of IICI e<pd\ufciit to the phosphorsis can l>c calculated 
from the restills. 

The cfiiiatlon is : 

4- toXaOM 

PS + 2lN'n,MoO, + flf.VIfiljSroOi -p 22rr,0. 

^Viirnrc 2l’ = inN’aOlI c iniK'I; or 30 08 grm. I* a 23 X 00'J3 gnn. 
IICI. 

Other detenniflatioas which invoU'e the me nf staixlanl acids nod nlksIU. 

(n) Detennioe the number of Molrculca of Wafer in W&shing'-Soda 
(Nt,C0,.rlI,0). Weish tnit •urces\l\ely, |Kirtk>ns of ni)oul .3 grm. of swishing* 
k'xl.'i. Dissohe them In water and titrate with IICI of approximately normal 
fonrentralion, using methyl omnge ns Indientnr. 

Na,a),.jII,0 R 2IIC1. 

(100 -f- Iftj) pnn. o 2 X 3C>-I0 grm. 

I'rnm the x mn l«e mlnilaterl. 

(fc) Determine the perewtaRo of Phofpboric Add la a mixture of Pboxrhoric 
and Suirburie Adds. Titrate n sulLvfdr volume of the mixture witii ftt.andanl 


fr) Idrotify the Polattiaia OxxUte rroilded. The »iU mas Irf' either KIIC.O.. 
tl»** HrKisalitp; or KH(’,0, !?,(*.(*, .211,0. ll,e Irimtal.itr or ntudroxalate. 
‘n‘e rrj'iis-atfnt wH»;ht«, rT-«fTrti»rij, «re |2S*I arvi 7. 
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Alake up a standard solution of tbe salt and titrate it nith standard NaOH, 
using phenolphthaiein as iadicutot, 

(d) Determine the percentage of Calcium ^ Oxalate in a sample of that Salt 


orange. 

If the sample of oxalate contains carbonate, dissolve a known weight of it 
in the IICl, boil to expel CO|, cool the solution, and titrate the excess of HQ 
with the NaOH, using litmus os indicator. From the result, the percentage 


turns yellow. Litmus must also be used in the second experiment to maintain 
tbe similarity of conditions. 

(f) Deienniae the Total Acid in Vinegar. Tlie acid content of most samples 
of vinegar is approximately Q per cent., and most of this is acetic acid {eq. wl. CO). 
Vinegar is therefore an approximately normal acid. In the determination, 
take 25 ml. of vinegar, add a few drops of phcnolphthalein, wWch must be 
used because acetic is a weak acid, and titrate with standard NaOH of 
approximately normal concentration. 

(/} Deiennine the percentage o! Potassium Persulphate io a sample of that 
Salt. If a solution of potassium pcrsulpltate is boile..l in the presence of a 
suitable catalyst, the salt decompo^s as follmrs ; 

2lf,S,0, + 2H,0-^KHS0* + 0,. 

Weigh out occurately about 0-4 grm. of the persulphate and dissolve It In 
about 80 ml. of cold ivater. Add metliyl orange and, if the indicator goes red, 
bnne back the yellow colour with decinotmal sodmm hydroxide. The volume 
of this solution used Is a measure of the quantity of potassium bisulphate 
originally present in tlie potassium persulphate. 

Now add 5 drops of dceinormal silver nitrate solution, and boil for tweaty 
minutes. Cool, add more methyl orange, and titrate with the standard sodium 
hydroxide. 

When a solution of ammonium persulphate is boiled, the decomposition is 
complex, some nitric acid being formed. Ammonium persulphate, ^erefore, 
cannot be determined by this method. ' 



SECTION VII 

PROCESSES OF OXIDATION' AND REDUCTION 
Use of Potassium Dichromatc Solution 

PoTASsjuji dicliromntc contnins ox}*gcn avan.»Me for tlic oxidation 
of \nriou5 substances, nnil In the pioccss of oxidation it is itself mlucctl 
to n mixture of potassium and chromic salts. Adsuntip^ is taken of tills 
reaction to dctemiltie ferrous sails oml other casily^xidlsablc substances. 
It must be clearly rccognfwl that potassium diclirornatc loses its n\*aiLnldc 
oxy/»cn only in llic presence of a sut>stancc capable of receiving it, and in 
the presence of a libcml excess of sulphuric or hydrochloric acid. Thus 
n ferrous salt In an ncldifletl solution is at once convcrtixl into ferric salt by 
tlic addition of a solution of potassium dichromatc. Tlic reaction is : 

OFcSO, + KjCr.O, + 7H,SO* « 3 Fe,(S 04 ), + Cr,(SOi), + 

KjSO* + 711,0. 

Prom this equation it follosvs that 201-2 pmi. of potassium dichromatc can 
conxert 0 x 53 81 «=» 3.13-0 gnn. of Iron from tlic ferrous to the ferric state, 
providetl that sulTlcIcnt nei<I is present. 

Decause jxitasslum dichromatc is re<ldlsh«yclIo\v in colour, and Is 
reduced to a green chromium salt, the jralnt at which a slight excess of 
jUchnimnte has U'cn nddtsl to the ferrous salt cannot readily be seen, and 
on indicator such ns potassium ferricyanldc snluHon must be useil. 

Ferrous ludU gis'c, but ferric salts do not gisc, a blue precipitate with this 
reagent. The <liclironiatc solution is accordingly ndiic«l to the acidintHl Iron 
nolulion, until a drop of the liquid ceases to give a blue coloration when it 
Is brought into contact srithn drop of potassium ferricyanldc solution on a 
glared srliitc tile. 

Crj'stnls of potassium fcrricjimidc which have l>een storetl in tlic 
labonilorj* are often cuvereil srith a layer of potassium fcrn>eyanide. As 
this fcrrorj*nuidc reacts with ferric Iron to give a hluc colonition, tlic 
Intlicator svill not srork sharply unless this salt is rmnplrtcly absent. A 
gcKKl xmy to prrjwrc the indicator Is to crush a large ferricyanldc crj-stnl 
in n mortar. The fragmcJits arc trnnsfcrretl to n lest-tulw, ami arc shaken 
rri)mtrs!Iy with stjcecssise volumes of ilMillcd miter until a piece niwut 
the she of a t>ca ts left. This Is dissolved In alioul JO ml. of water. The 
wilutinn prrjiam! In this manner must lie kept clean and free from mlucing 
agent*. It may fail to gis c distinct colours after It has liccn kept for nlt.jut 
an hour. A fresh solution must then l»e made. It is imfiortanl to pay the 
the greatest attention to the prrpanitlon of this imlleator. 

\t4f 1. ni** ibteetiiw) of the nimplrtr *«i latlun of a ferrMls salt s.ilution 
l< ninrh slnijibr »s},fn alamlAnt pennsngsfwie M>liili>>a is tMe«| inslrnd of 
<!l'-hromalp, tinee tlw coloration of |J>e IkiuM Uvrlf |«-e,itnrs the in lic.»tnf. 
H'jwesrr. tie- me of permanganate |s lastlmlstiMr In iJ.e prrsenee of reaiJiIy 
oil liisfrle pejemle tnstter, atj-I it ptmihle only under «r>rrUI con litiom wl,cn 
l»jd|T>r}il'>rle BCiJ it prrtent. 

.Vofr 2 . Tlie ffjuatino (i-t «l»e oxiLitlon of a fmroiii ult by potastfutn 
dbhronistc c»fi lie oyl In Ibrre ilnges »* fvllnsrs ; 
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K,Cr,0,+4H,S0, « lf,SO4+Cr,(S0J,+4H,0+[80j. 

flFcSO. +3H,S04+[30] « 0Fe*(SO4)*+3H,O. 

eFeSO, +K,Cr,0,+7HjS04 = 3Fej(S04),+KtS04+Cr4(S04),+7Hj0. 

From the above, Itjs seen that the molecule of KjCrjOj contains 3 atoms of 
oxygen available for oxidising purposes, though it ^vill not give up this oxygen 
unless a spbstance which can be oxidised is present and the conditions are 
otherwise suitable. The equivalent weight of KiCrtO^ is therefore one-sixth of 
the molecular weight, and a normal solution will contain 
294-S 

— =s 40 03 grm. 
of the salt per litre of solution. 


Preparation ol the Dichromaie Solution. It is customary to use standard 
solutions of approximately decinormal concentration in oxidation and 
reduction processes. Such a solution of KjCtjO, ^viU contain about 
4-9 grm. per litre (sec Note 2 above). 

As the salt can now be bought under a guarantee of purity, it is sufficient 
to heat the crystals at 150“ C. until they are perfectly dry. They are then 
weighed out accurately, dissolved in water, and made up to a kno^m 
volume. Such a solution need not be further standardised. 

The solution must be re-standardised after it has been kept for some 
time against a standard solution of ferrous iron, made by dissolving a 
knoum weight of ferrous ammonium sulphate in dilute sulphuric acid. 
Alternatively the ferrous solution may be prepared by dissolving pure 
iron in dilute srilphuric acid. Another way of standardising the dichromate 
is to allow it to react with an excess of potassium iodide in the presence of 
hydrochloric acid. 

K,Cr,0, + 6ia + 14HCI = 8KC1 + 2CiCh + 31, -f 7H,0. 

The Iodine is then titrated with an arbitrary solution of sodium thiosulphate 
(p. 1 02). Next, a solution containing a kno^vn weight of potassium iodate, 
a salt easily obtained in a state of the highest purity, is also allowed to react 
with potassium iodide (cf. p. 163). 

KIO,.+ SKI + 6HCI « CKCI -f 3l, + 3H,0. 

This iodine is also titrated with the same sodium thiosulphate. From the 
results, the concentration of the dichromate can be calculated, because : 
laO, s 81, s KtCr,0,. 

That is, 214-0 grm. of lUO, con oxidise the same weight of hydriodlc 
acid as can 294*2 grm. of K,Cr,0,. 

Standardisation ol Bichromate Solation by Ferrous Ammonium S^pbafe. 
The formula of this salt is FcSO 4 .(NH|),SO 4 , 0 H,O, and its molecular 
weight is 392*1. Its equivalent weight is the same as its molecular weight, 
and therefore a decinormal solution ^vill contain 80-21 grm. of the salt per 
litre. Note that almost exactly one-seventh of the salt is iron. TVo 
methods are described 

(1) blake up a solution of ferrous ommonium sulphate of approximately 
decinormal concentration by weighing out accurately about 10 grm. of 
the salt and transferring to a SSO-ml. flask. The salt is somewhat easily 
hydrolysed by pure water to produce an insoluble basic salt. The 
hydrol>*si3 is quite easily prevented by the presence of a small quantity 
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tif tlilulc Milphuric ncitl, and therefore t!»c crj'stals s.lmuld l)c wctlc<l 
witli a few miUditres of tins ncid before the crater is nddctl. On the otlicr 
Imnd, it Is most difBciiIt. once the IkisIc salt has t)ccn fonnc<l. to pet the 
iron to rc<llssolsc. As tlie presence of n considerable quantity of ncid will 
not interfere in tlic detenninntion, it is therefore pooil policj* to make 
lil>cml use of dilute stilphiirlc ncid when handlinp ferrous nmmonium 
sulphate. In vcr>' nccurate srork, nlr-frcc snitcr should be u*'Ctl to make 
uj> the volume to 2r»0 ml,, hut this precaution is not otherwise ncccssnry. 

Take 23 ml. of the slnndanl iron solution in n conical flask, ndd more 
dilute svdphuric ncid if nccessarj*, and dilute srith svatcr to about 100 ml. 
I’lnre .3 sepante dnips of the ferricynnide indicator on a white tile in nn 
onlerly rttw. Ilun in 5 ml. of the diebromate from a burette, sh.ikc to 
mix, withdmw n drt)p ou n glass nnl nnd ndd this drop to one of the drops 
of ferricynnide on the tile. If n blue colour or precipitate is seen, odd an 
ndditionid ti mi. ordictin)tnale,test npntn,nnd .so on, adding tlic diebromate 
in vctlumes of 5 ml, nt n lime until only n re«ldisli*bro\Tn colour is seen on 
the tile. In lids way a large “ bracket ’* can be obtajncil in a short time. 
SupjKisc the “ bmeket " to Ik: 20 to 25 mb, 20 ml. of the diehmmate l*cinp 
too small n volume and 23 ml. too large. Xow take n seexmd vnhimr of 
25 ml. of the ferrous solution nnd prepare the solution fur titration ns 
iK-forc. Ilun in 21 ml. of the <lichromnte, test; add an additional 1 mb, 
test ; nnd so on, until the new “ bracket ** is made. I.ct it be 22 to 23 mb 
Take n tliinl volume of the iron solution, run in 22 mb, test, nnd then ndd 
the diehmmate 2 drops (Od ml.) nt a time until the disappearance of the 
blue colour on the tile. Cheek the last result by a fourth tilmtion. Note 
that only a untall mtmlwr of drops of ferricynnide Indicator should be put 
mil on tlie tile nt one time ; the quality of the drops deteriorates mpldly. 
Note nlso that the glass hkI must l)c scashed in iron*frrc smter everj' time 
II is usctl. In some l<>ealitlcs, tap wnter Is suitable ; in others distilled 
staler must l*c u«<sl. It Is b.sd pmcticc to dip the rwl Into a vessel con- 
taining disHllctl stater; the traces of Iron which soon ncCTimulatc in this 
water interfere with the cnd*|»oint. Wash either ii> nmninp lap stater or 
hy squirting a jet of distiUnl stater from n svnsh.l)ottIc along the iwb 

It woiiM tipi»cnr at flrsl right tliai much time will W sjienl in making 
the "linckrts” rcqiiirnl by the system of tilmtion descrilwl nl>os’e. 
Tills Is not so, and in this jvsrtlcular case the method givi-s n result In much 
shftrlcr lime than uouhl Ik* rrfpiir«l to “ crifp ” to tlie end-point, ^Y^^en 
usltig nn external imllnstor, nbtuys ’* bracket.” With internal Indicators, 
pn>viilr«l the initial titration is oirrietl out sjxnllly, tlie ss*stcm may not 
s.ase time. 

(2) AUrn>.ill\rly, sstlgb mil amimtcly vurct-s»Ue lots of nlnml 1 gnn. 
of the ferrous s.'iH, di«solse IbcM* H:|viwtely in dilute sulphuric acid and 
lllmir ns iK-r.ifT. As the stelclit of each )Kirti(>n stfll Ik* slightly dificrrnt, 
It is ndskd'le to nrmngr them In onler of their srclghts nn«l to lltmte the 
»insl!r»t quantity of s-all nr%l, adding the dlelmmiate, ns previously. In 
Milujuf's of 5 ml. Supi»'»sr the *• liracbet ” is npaln 20 to 25 ml. Then 
rs-rtainly mure than 20 mb of the solution will Ik- requirrsl fur the next 
sinsllrst qumtity of wslt, nnd so on. AHentatlsTly, the nppnixiinnte 
snduine ».f s.ilutl«*n rqulvaknl t<» a glscn ssriglit of salt ran mpltlly lie 
rolrulitnb slidr-rsde I< ttwful for surh isdrulslluns. 

Wloh n srrighl of wit I* to !■* uwil in mrl, lit mt ion. this 
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inethotl of weighing out suceessu-e lots is preferable to weighing out one 
portion and maWng it np to a stondard volume in a mensuring-flask. 
Weighing may be rapid, as no great accuracy is required ; the nearest 
5 mliligroms suflices. An error of 5 milligrams on 1 grm. is an error 
of 1 :200; this is permissible in most volumetric analyses. This error, 
vrill be introduced only if one titration Is made ; a second, check titration 
will almost certainly reduce it. The ad\-antagcs of the method arc that 
comparatively small quantities of material have to be handled at any 
one time, and also that an error in weighingis unlikely to pass undetected, 
as the weighings are made three or four times. 


Standardisation of the Bichromate Solotion by means o! Metallic Iron. A 
kno^W! weight of pure iron is dtssolvi^ in dilute sulphuric acid, in the absence of 
air, in the following way ; 

Prfparalion qf the Solution of Iron. Weigh out accurately about 1*5 grm. of 



Anneo iron. Tliis should be in the form of small pieces of wire, the srixe, before 
cutting, having been freed from rust by cleaning It with emery-paper. 

Fit a SOO-ml. round llask with a perforated cork, through wiiich a bent gloss 
delivery-tube passes {Fig. 70). One end of this tube terminates just below the 
cork, viiile the other end dtps below the surface of a little water contained in a 
small beaker. Support the llask in an inclined position, ns shown. 

Now half fill the flask with dilute eulphuric ncld, drop in a small piece of pure 
crystallised sodium carbonate, and replace the cork and tube. The carbonate 
will dissolve, evolving carbon dioidde, which will replace the air in the flask. 
’IVhcn the eCTer^’escence has neatly ceased, add the weighed iron. Then fit in 
the cork and tube, and heat gentjy by means of a small flame, until the iron is 
dissolv’ed as ferrous sulpliatc an^ no mote hydrogen escapes through the water 
in the beaker. 

The exclusion of air during this process is necessary, in order to prevent the 
formation of ferric salt t 

4FeSO, -f 2HtSO, -b O, « 2 Fe,(S 04 ), -f 2n,0. 

TIic case ^vith which a eolution of ferrous sulphate is oxidised by the oir or 
even by other oxidising agents, sucli as dilute nitric ncid, has been greatly over- 
esliinaled in the past. If any chlorine ion is present, however, oiudation may 
proceed rapidly. 

t Test tliese statements by weighing out two more lots of 1*5 grm. of the pure 
iron and dissolving the flrst in dilute s^phurie add os above, but In an open 
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conical Ouk, nnd tkc second in dilute hjilrocWoric acid in n similar flaik. Titrate 
botli solutions with potassium diebromate of approximately dccinormal con* 
ccntratlon, as <!c«ril>^ below. 

Another device, which allows the hyilitwren pas to escape from the {la'k ami 
nl the same time prevents the entrance of air, is tlie Bunsen valve. Tliis Is sl>own 
in rip, 80. The neck of tlie flask U stoppered with a cork which carries a short 
glass tul)e, as iliown. Tlie upper end of ibis tube Is enppeti by b small piece of 
rubber tube, the top end of which Is closed Iw small piece of glass rod. A 
vertical slit is ma<lc in the rublier tube. This sift Is easily oiKiicd by the pressure 
of hydrogen gas from within, but pressure from without closes it, nnd therefore 
air cannot enter the flask. 

ttliile the iron Is dissolving, prepare some cold water free from di<sol\ed 
oxygen (p. 101). As soon as ti»c Iron has gone Into solution, cool tlie liquid, 
transfer it to n 25d*ml. flask, nnd rinse out the round flask several times into 
the rncasuritig-flask w-iih nlf*frce sraler. Flnall}', make up the sohilinn to the 
m.ark with the nir-frcc water, mix by sliakJng, and titrate one»tcnth with the 
solution of potassium dichrnmatc. asing potassium fcrricjimide as external 
Indicator. 

1*153 grm. of Armco iron were dissolved in neld nnd the solution 
was made up to S50 ml. 

25 ml. of this solution rcqulrctl 21*1 ml. of tlie dltUtomale solution in ortlcr 
to convert the fcrrotis Into ferric salt. 

Tljcrefore 211 ml. of the dicliromate solution correspond sritJj 1*152 gmi. of 
Iron. 

And 1000 ml. of dIchromate solution will therefore correspond witli 
liBiLJiSii « 0 JCO pm. of Iron. 

Or. as 63 8t X C grm. of iron are equisralent to 201 2 grm. of K|Cr|0i, the 
concenirollon Is 

‘aserx^o^ - 4 PO grm. of IC,Cr»0, per litre. 

Internal Oxldation^RcducUon Indicators 
Tiicse indicators have licen intro<l«ccd to mnrk the cnd'point in titrations 
srilh iKitassiuin dlchromatc and Mmilir rengcni.s. Their use results in n 
certain snving of lime, tmt they arc not m> rclinldc ns ferricyanldc. An 
cicmcntnry treatment of tiiclr mwlc of nclion is gisrn l*closv. 

It is prjssitdc to find a substnnee, oxalic ncid, for rx.implc, svliicli is easily 
oxidised by pcrmatig:iiialc, but not by tbcliromalc or ferric chloride, 
nn<l nlso one stIUcIi is oxidisctl by l»ot!i i»ennanp;inntc nnd dichromate, 
but not by ferric cldnridc. This Is mcrciy n statement of the f.imilinr 
Iclea that some oxidising ngents nrr stronger than oilier*. Hut sucli n 
statement Is not the whole truth, because Ihcoxidi-'ing j'HWcr of n solution 
containing nn oxidising ngent slrprnds not only on Hie nature of tlie 
comjwuntl, but iil»o on the rntio of the ctmccnlrotions of the oxidl'w! form 
niul tlie reduccsl form of tlie com|*oimd. It is praetienlly lnde{K'ni!rnt 
i»f tlie nl><Hi!ute concciitnithm of ibr oxidiwd fonn (sec nl*.o p. 214). Thus 
If Cl SKilution eontaihing 10 gmi. of Iron ns ferric cldorMe is n«Mftl to nn 
exrc's of n solution of n mlucing ngrnt, It, the jiosvrr of the Inm wiltilioii 
In uxldlsr will iteerrnse ns fvrrwis Inm is prusluml, nnd It mav W that 
when ten<lc\-rnHis of tlie Inm liasx* l»een mbirctl. tlie remaining ferric 
Iftm Will Ik* tirwhle to oxi»li»e II, !*rraiisrf* the ferrir-ferroiis ratio has f.illen 
to 1:10; the re-ietion has l»rcon>e balineesl. If 1 gnu. only of iron ns 
ferric chloride liail l>rrn nddrsl to tlic solution of U, oxidation of H wuuM 
■gain ba\T taken place until rc+++:Fc*4 ::I :I 0 , when further oxhl.allon 
would liasr erases!. If nn cfiulixilrnt quantity of |>ot.aisIurn dirimmnte 
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iiad been ncicjcil to R, more of R woultj have been oxidiscti, I>ccaiicc 
dichromate is a stronger oxidising agent than ferric cliloride, l)ut again 
oxidation would have ceased at somc'Cr+++ ; CrjO, — ratio. That this 
ratio may be very large indeed (».c., that the dichromate may have been 
practically quantitativeli* redact), does not affect the argument. 

If a solution of ferrous chloride is titrated with potassium dichromate, 
the oxidising power of tlje solution increase fairly slowly on the whole, 
because the ratio of the concentrations of ferric and ferrous ions will be 
increasing fairly slowly. Near the .end-point, howe\’er, this ratio will 
increase rapidly, and consequently the oxidising power also will he 
increasing rapidly. Directly tl»e dichromate is in slight excess, there 
^vill be a further large increase in oxidising power. Now if in this solution 
there is a compound which Is not oxidised until practically the whole 
of the iron has been converted to the ferric state, and if the oxidation of 
this compound is accompanied by a marked colour change, tlien the 
substance can be used as an internal indicator. 

Several such compounds have been found to behave somewhat in the 
^vay outlined above. Ofthese, only two, barium diphenylaminesulphona^e, 
[(CjHjNHCjHiSOjljBa], and tri-ortho-phcnantlirolino ferrous sulphate, 
commonly known as ferrous phenanthroline, [Fe(Ci,H|Nj),S 04 )] will be 
discussed here, but others will be mentioned later (p. 200). The barium 
diphenylamine sulphonate is pale green in colour in the presence of o 
reducing agent, but an oxidising agent ^vill transform it to a compound 
of an intense purple*blue colour. Unfortunately this salt is somewhat 
easily oxidised. If used to show the end-point when ferrous iron is being 
oxidised with potassium dictiromate, the purple colour will normally 
appear before oil the iron is oxidised. That is to say, a solution containing 
a ratio of perhaps 10 ferric ions to 1 feritjus ion has a sufficiently strong 
oxidising power to change the Indicator. Tlie indicator would therefore 
appear to be useless, but it is known that a solution of ferric phosphate 
in a mineral acid is inappreciably ionised and if, therefore, a considerable 
quantity of orthophosphoric acid is added to the ferrous solution before 
titration, a large proportion of the ferric iron irill be removed as ferric 
phosphate and the ratio of ferric to ferrous ions will remain low until the 
concentration of ferrous ions becomes very small. In other words, tbe 
barium diphenylamine sulphonate can be used ns an internal indicator 
in this reaction, provided a considerable quantity of orthophosphoric acid 
is present. 

Tlie ferrous phenanthroline, on the other hand, is somewhat difUcuU 
to oxidise. The reduced form of the indicator is a deep brown-red ; the 
oxidised form a moderately intense green. If used in the above reaction, 
the red colour will not disappear sharply. A considerable time is required 
for a small excess of dichromate to produce the green form, and, in practice, 
it is easy to add too much dichromate, and the end-point is unsatisfaetorj*. 
On the other hand, the oxidised^form of tins indicator is quite easily 
reduced by ferrous sulphate, and a good end-point is obtained by running 
the ferrous solution into the oxidising agent. Thus, in the determination 
of ferrous iron, accurate results can be obtained rapidly with this indicator 
by adding an excess of standard potassium diebromate to tbc solution of 
ferrous iron to be determined and titrating this excess nitli a standard 
solution of ferrous sulphate. 
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Notes on Oxidation^Rcduction Indicators 

Barixun Diphcnylamine Sulphonatc. An nqiiwuis bolutidn cnntnininK 
n-17 prm. of the salt per litre should be twd. Tlic optimum conditions 
forthclltmtion of ferrous iron tjy potassium dichnmintenrc : Tlic sulphuric 
iiciil concentration of lltc solution to be titmtc<l shoiiltl Ik* npproxinmtcly 
nonnal, nllliougli satisfactorj* rcsiilts can l>c ohlnincd if the sulphuric 
acid content varies between 0 25 N. and 3 N. To c\cry 50 ml. of solution 
In the tilmlion-n.isk a«ld 10 ntl. of n 25 percent, solution of orthophosphorie 
acid. Use 5 drops of the Indicitor for <Iccinormal iron solutions, and 
1 drop for more clilutc solutions. In the raise of deeinormnl solutions, the 
indioilor correction is neclipihlc ; for centinonnnl solutions It Is approxh 
nuitely 0 3 ml., hut this may Ik: etimin.atc<l by stnndimlisinp Hie dichronmte 
npalnst n stimdnnl solution of ferrous ammonium sulphate under exactly 
the same coTulitions as those under wlileh the determination will lx* 
c.\rticd out. 

The Use of hydrochloric aci<l in concentrations similar to those piven 
alKivr for sulphuric acid, tlunipti not nltopethcr advisable. Is admissible ; 
since, therefore, tin ntul inercurj* do not Interfere, the determination of 
iron by redtictinn svith st.'innou'. etdonde and rc^oxidatlon by dichromatc Is 
jKissible If this in<li«\lor is U'<d. Zinc sulphate tlocs not nITcct It. 

Ferrous PhcnanthroUnc. UV 1 drop of an aqueous solution contnlnlnp 
S pnn. of o*phcnnntlifolutc monohydnitc and 7 pnn. of FcSOi, 711,0 per 
Hire. WIten determlulnp ferrous Iron wltli dichromatc, the lltnitlon pocs 
most smoothly when 25 ml. of a drcinonnal solution of potassium 
dichromatc are dihits-d to 100 to 300 ml., the sulphuric or hydrochloric 
add content Is ralse<l to 0 5 — 3 N., and the ferrous suljihatc Is run Into the 
dichromatc. Umlcr lliese conditions, the presence of orthophosphorie 
add is utmecessnr>’. Neither rtnc sufplialc or chloride, nor stannic chloride 
or mercuric chtnriilc Interfircs. 

When usiiij* this Indicntcir in the delcnnlnalion of ferrous iron with 
IK-rmanpanatc the coniYntndiuu of ttic chloride Ions should Iw ns low ns 
possible, the iKnnaiipanatc should be nm Into the ferrous solution, nml 
the solution to Ik* tltratcil should contain 10 ml. of 25 per cent, ortho, 
phosphoric arid iKr 50 ml. of solution. A more neeumte result will In' 
oldatned in this method if n sHms5df»-.d>lc quantity of mnnpivnese sulphate 
Is also present (p. 157). 

Diphenylamiae dls*«»Ur<i in ronmitnilrd II^O« h frrtpirntly rrcomnirtidr*! ns 
nn oxld.itIon-rtslitctlon indicator, csprcLilly for Iron titmtions) Tlie two indJea* 
tors drscrilKst nt>o\t are. Iinwcsrr. prrfcnible. It should be noted th-il the 
itlplienj lamina is oYhnstsltodii'hrnsilTnrMine.nnd that this is the true Indicator; 

It is in fact u»tsl directly in rlnr frnwyaiildc tUratlnns (p. QtX)). 

Dclcminatlon of Iron In Ferrous and Ferric Compounds bj* means of 
Stand.'ird Dicltromale 

Hie total nmmmt of Iron prrw nt In nnlronctmipmmd rnas'lK* dr tcrminrtl 
by rne.ms of it.nndarsl potassitim dichrmnatr solution. 

If femm* rompitmds nnl> are present, the sohilinn may Ik* titmtr<I at 
nnre hy the poK-rsv dr»erilK'd on p, 1 1 «. If the Iron Is present In the ferric 
state only, it l» first rnlurrtl^o the fernms st.ate, and the ferrous salt {« 
tlirn ti!ratr«l. If the Iron is pirsrnt b>itlt as fcrruis and ferric, the amount 
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of ferrous iron in one portion of the solution is first determined by 
dichroraate ; and the ^rhole of the iron in another portion of the solution 
is then reduced and determined. Tlie dilTerence between the two 
quantities of iron found Trill give the weight of iron which was originally 
present as ferric iron. 

Detennination of Iron in Ferric Compounds. Methods are described 
below for the reduction of the iron to the ferrous state. Tlie first of these 
is generally considered to be the best, but its use is not always permissible 
(see p. 150). 

For practice, dissolve 10 giro, of iron alum, (NH4)jS04.Fej(S04)j,24Hj0, 
in water containing about 80 ml. of dilute H^SO^, and dilute to 250 ml. 
Reduce the ferric salt in the solution to ferrous salt, and titrate the iron 
with the dichromate solution.^ 

Redaction by Stannoos Chloride Solution. ^ The iron in the acidified 
iron solution is reduced to the ferrous state by the addition of stannous 
chloride solution, which must be added in sliglit excess (Note). The excess 
of the stannous salt is then converted into stannic salt by adding excess of 
mercuric chloride solution : 

SnCl, + 2 HgCI, » SnCl, + HgjCl,. 

TSventy^five railliJitres of the iron solution aVe placed in a conical flask, 
2 ml. of concentrated hydrochloric acid are added, and the liquid is heated 
to boiling. A clear, freslUy>made, dilute solution of stannous chloride is 
run in from a burette. It is often convenient to use an approximately 
normal solution of stannous chloride made by dissolving C grm. of tin-foil 
in 50 ml. of concentrated hydrochloric acid, or 10 grm. of stannous chloride 
(SnClj,2H|0) in 25 ml. of concentrated hydrocldoric acid and, in either 
case, diluting the solution to 100 ml. The stannous solution is added drop 
by drop, until the yellow colour of the iron solution just disappears. 
The volume of stannous chloride used is noted, because a knowledge of 
this T’olume is of value when the reduction of a second and third portion 
of the ferric solution is being carried out. The solution is then cooled. 
About n ml. of a saturated solution of mercuric chloride are added. Tins 
must produce turbidity in the liquid (due to mercurous chloride), indicating 
that the stannous chloride has been added in excess. The mercuric chloride 
must also be in excess. The solution is then titrated. If a considerable 
quantity of mercurous chloride is produced, a smaller quantity of stannous 
chloride must be token for the next reduction. 

liote. If a large excess of SnCly solution is added, a very large quantity 
of HgCl, solution will be required, and the precipitate of HgtClt mil interfere 
with the titration. If the white precipitate of Hg»CIt turns grey, it is a sign 
that too much stannous cliloride has been used, or that the solution was too 
hot when the mercuric salt was added. The grey colour is due to the presence 
of finely-divided mercury. This will probably cause erroneous results. This 
method of reduction is fast and accurate if carefully- carried out, but it is not 
suitable for iron solutions which ate coloured brown Trith organic matter. 

Redaction with Snlphorons Acid. Put 25 ml. of the ferric solution 
into a conical flask and add ammonium hydroxide gradually until a 
slight, permanent precipitate is produced. .Add 25 ml. of water saturated 
with sulphur dioxide, and 50 ml. of distilled water. Introduce some 
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|iiccc«5 of porous jwt into tlic flask to rwlucc bumping:, nnd Iwil to complete 
tlic reduction nnd to expel excess of SO,. The solution should be quite 
free from nny tinpc of yellow nnd should give no reaction snth KCN’S. 
The reduction svill not tnkc place nl all readily if the concentration of 
tnlnenil ncid, particularly of hydrochloric ncid, is high. Neither still the 
reduction tnkc place In alkaline solutions. Wien nil the SO, has been 
ex|)cllc<l, ndd 10 ml. of dilute sulphuric ncid before titrating. 

The quantilntisc rcmosTil of the SO, Inkcs n long time, even if the 
liquid is iKiiling briskly. Alwut onedhinl of the liquid in the flask must 
normally l>c evaporated l)cforc the SO, Is expelled, but the process is 
fipcwlcd up if n current of CO, is p.ass«I through the boiling liquid. 
I’robably the l>cst uny to test for tnices of SO, in the escaping gases is to 
fit the flask with a cork nnd deliven* tube, nnd to pass the gases through 
n verj' dilute solution of potassium permanganate, which they decolorise. 
The cork should l>c In place only when the test is licing carried out. 

Reduction by Zinc. Three mctho<ls of rctlucllon whicli InsTilvc the 
use of 7.inc arc priictiscsl. The first Is with yinc nnd sulphuric ncid, the 
second with n solution of rlnc in mcrciirj* (tine nmnigam), the third svith 
nmalgamatctl 7lnc In the Jones rcdiictor. Zinc should not be used ns 
the riducing ngcnl when jwtnssium fcrricj'nnidc Indicator Is to be us«l 
later, lierausc of the formation of insotubir, bluish zinc ferricjiinidc. 

Use ot Grannlfitcd Zinc. The mctnl should be free from iron nnd enrbon. 
Zinc is sometimes «o pure thnt it will dissolve In neids only with diflleully, 
Jn this rsent, it should l>cmcltcsl ssith I percent. ofiLs weight of niumlnium 
nnd rc'gninulated. 

rUcc S.'j rnl. of the iron sohition in n conical flask nnd ndd n considcmblc 
excess of gmnulatc<l rlne. Tliis excess js necesorj' l>eenusc the reduction 
npixxin to tnke place only on tlie surface of the mctnl, nnd, if only n small 
nren Is usnilable, rcshiclioii will l«cslow. Adil nlxjut 40 ml. of 23 per cent, 
sulphuric ndd. Wnrm gently nnd nllosv to stanch The zinc will dJssohe 
in the ndd with c\-olutlon of hydrogen, nnd n })ortinti of this hydrogen 
will rrJicl with the ferric mU, nnd reduce It. As the escaping bubbles of 
bydrogen tend to carry nway iron, Io<s must l>c prevented by partially 
doling the inoulb of tlie llavk asilli n small funnel (I'lg. 20, p. 32). After 
n time, the enfour of the solulfcm ariH clmnp: from yellow to pale green. 
If the evnlullcin of bjdmgen is very slow, the rnluctinn may l>c hnstcncsl 
by Ibr acMitlon of 3 dnijcs «»f n eoncrntnittsl solution of ropj>er sulpliatc. 

Ilefurr detrnuining the irtm, ii».akc sure tbnl It Is present rntindy in 
tile ferrous state by taking (*ul n drop of the solution with n clean gliss nxl 
nn<l bringing it into contaet with nslropof j»otnsslum thlcxynnate solution 
on n white tile or dl»h. No red i-oloiir shouM appear, or nt most only n 
faint pink tint. If n distinct rrtl rolotir Is prtxlueeil, the reduction must 
Ik- confinoetl, more zinc or ncid l>dng nddrd If nceessarj*. Tlie solution 
is ngain trstral srith tlie thif»ej*nna!c. nnd t!ir-ses»{>emt ions must Ik- rrjK-.atol 
until n'» frrrie st|i mn Ik- detected. 

tVJjfti the whole of the iron is mlurctl, the liquid is crtohal quickly, 
nnd the Tine Is rrmosrd by pladng n rnmnlj plug of glass wo-d in the stem 
of n fiUrr-funnrl, and filtering Ibr roM liquid rapidly tbmugli the wool 
Into a snx>n»l mnleal flask. Tlie funnel am! the rr<hiction,,arsvd are then 
rinu-tl srsml times with w.aler. 
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Use of Zinc Amalgam. Reduction zinc amalgam is much faster 
than reduction -with zinc and sulphuric acid, and, as no hydrogen is evolved, 
there is no ^vaste of metal. The amalgam can therefore be used repeatedly. 

The amalgam is prepared by heating together 4 grm. of granulated 
zitic, 100 grm. of mercury and 20 ml. of dilute sulphuric acid for one hour 
in a conical flask on a water-bath. It is then washed with water and 
filtered through glass woo! into a bottle with a well-fitting glass stopper. 
The capacity of the bottle should be 150 to 200 ml. 

Place 25 ml, of the ferric solution in the amalgam-bottle with 25 ml. 

of 20 per cent- sulphuric acid. Stopper, and shake 
vigorously for one minute. Pour off the solution into a 
flask, taking care to keep back all the amalgam. Add a 
further 25 ml. of the acid to the amalgam, wash down the 
stopper and neck of the bottle, stopper, and shake. Add 
this washing liquid to the reduced iron solution. Repeat 
the washing. 

If water is used for removing the Iast*traccs of iron from 
the bottle, basic salts, which are slightly oxidised by 
potassium permanganate and which therefore lead to 
slightly high values, are formed. 

Use of the Jones Reductor. This apparatus is shown in 
Fig. 81. It consists of a glass tube about 40 cm. in length 
and 2 cm. In diameter, and to one end of it Is sealed a 
narrow glass tube carrying a stop-cock. For convenience 
in filling, the top end of the main tube is blown out into 
a cup of about 50 ml. capacity. -At A there is a perforated 
porcelain disc which is covered either with a thin layer 
of ignited asbestos or a thicker layer of lightly-packed 
glass wool. 

The tube is filled \vith small, amalgamated granules of 
zinc which should pass a sieve of twenty meshes to the 
^ *JovEs whicli should be retained by a 30-sieve. The zinc 

DUcrOR. should contain 1 to 5 per cent, of mercury, which is intro- 
duced by shakingtiiczincin n large bottle with the necessary 
volume of a 2 per cent, solution of mercuric chloride acidified with dilute 
hydrochloric acid. The zinc can be rendered even more active by further 
sliaking with a dilute solution of hydrochloric acid to which a few milli- 
grammes of chloroplatinic acid have been added. After amalgamating, 
the zinc granules are washed several times with water and are transferred 
to the reductor. No attempt to pack them tightly should be made, but 
they may lie caused to settle down into their places by tapping gently. 
Tlicy are held in position by a small wad of glass wool. The reductor is 
then connected up with a filter-bottle ns sho^vn. 'Wlien it is not in use, 
the zinc should be covered with water and the tube sliould be stoppered to 
exclude dust. 

The general process of reduction is .as follows i If it lias been standing 
idle for some time, the zinc is first activated by drawing through it 100 to 
200 ml. of 5 per cent, sulphuric or hydrochloric acid, the choice of the 
acid l>ciiig governed by the nature of the titration to be carried out later. 
The liilic should never be so far emptied that tlie top of the zinc column 
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is fXiH)srcl tn the air. After the nciil lias p:LS‘‘«l thn)«igh, it should I»c 
followcil by 100 ml. of sratcr. Tlicsc flltnitcs should be discanlcd. The 
mluctor Is now ready for use. 

To reduce n solution of ferric Iron, |»ass through the rciluctor in succession 
CO ml. of 5 i>cr cent, sulpliuric acid, *.!5 ml. of tlie ferric solution dilutcil 
with 100 ml. of the 5 per cent, acid, CO ml. of the ncid, and, finally, 200 ml. 
of sealer. The water svashes oul all the rctluccd compound and removes 
acid svhich would othenvisc ctusc an unncccssarj' waste of zinc. Tliat 
part of the 200 ml. of svatcr required to cover the column of zinc should 
Iw left in the lulie. Before carr>Ing out n determination, n blank to 
correct for the presence of impurities should always be run, using the 
same quautilics of ncid and water as ^rill be used later. 

The conditions of use of the reductor arc po\Tm«l by the nature of the 
sulrttancc to !« determined, hut forsalts of iron and other casily-rcduciblc 
comi>ounds llic liquids should 1 m? |mscd thmugh it at sjiccds of nlwut 
100 ml. ;>cr minute, at room temperature. Jf the mluo^ substanc?c is 
easily oxidlseil by the air, an excess of a stanilartl solution of a suitable 
oxidant can first Ik: plnceil In the lillcr-lMiltlc. The solution containing 
the substance for reiUiction is then run through the column of ztnc straight 
Into the solution of the oxi<llsmg agent, the excess of tliis reagent l>cing 
tilmttxl at leisure. If it so hap[)cns tiuit |>otasHium permanganate is usnl 
in the dclcnninnt ion and air h^allowcd to enter the column, a larger volume 
of pcrmang:male is rcqtilriMl than sroutd l)c the ease were air completely 
rxcludei). It would therefore upjiear tliat air causes tlie formation of some 
comjKrnnil, i)Os>ibly hydrogen peroxide, which ottacks i>cnnangannte. 

Silmles, ncctatcs, organic mailer In gentmi, and those metals which 
iionnally arc displaced from solution by zinc, should ncser be allowed to 
enter the mluctor. A large number of elements, notably iron, chromium, 
titanium and %‘anadium, can be reduced in thU appnmtus, and consc* 
qucnlly the miuctor is of great value in wlumctric onal^’sis. 

Determination of Iron In an Iron Ore 

If the iron exists In the ore |Kirtly or wholly in the ferric state, the ore 
is dissolved in ncid, the Iron Is reiluced to the ferrous slate by one of the 
mclhodi descrilx^l nlwvc, and is titratesl with a solution of potassium 
dlehmmatc. 

Wclgli out aceumlcly nlwul 2 gmi. of the l*owderrd Irtm ore. Heat 
this in a iKirerL-iln Irisin i-usTre«l by a Large funnel (Tig. ,*15, p. 517) with 
about ao ml. of coneentnitrd hydrochloric acid on a hot pl.ite for nl>out 
lialf an hour. Dilute Ibr resiiUlng solution slightly with sratrr, allow 
the tiiidtsMilvT^l matter to Kttle, cool, nnd decant the liquid Into a 2o0*ml. 
mrA*uring-n.»sk. Unit the imdissoh'eil residue again with a small quantity 
of the acid, wliich bus l»cen diluted with Its osttj volume of w-ntcr. Wirn 
It is oh\iou« that nil Ihr ore lias been <ieeunqK)>ctl, transfer Iwth the liquid 
and the residual solid to the llask and nwke up to the *t.an«Hrd s*olumc. 

Tl»r ferric sail present in onctenlh of this solution is tlirn retluceti 
to ilir frrn»us stair by one of the methoils drscrn>ed nUive, nn<l the frm»tts 
Inm is liiratnl. Tlir mlurtion with stannous chloride ami the determina- 
lion of iron with dichmmatr. using the external Indirntnr, Is rrmnimendnl. 
.Mtrrnitisrly, ndd n intAMirrsI rxee%s of t>ola«ium dirlinunale to nu 




(For use of perznangottale solulton, see p. 155.) 
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nHquot portion of the rcduce<l solution nnd titmte thU c?ccc«!S with n 
stnndnrd solution of ferrous iron mnde by dissolving nn necumtcly-wciphed 
quantity of nlmut 40 grm. of ferrous ammonium sulphate in sratcr, to 
which (lilutc sulphuric acid has been added, nnd diluting to 1 litre. Use 
fcrrmis phcnanthrolinc ns internal indicator. 

If both ferrous iron nnd ferric Iron are present, nnd each of these {s to be 
delcnnlned, the ore must be Ircnled with h>ilrochloric ndd outof contact with 
the nir, ns Is Indlcntwl on p. 14-*. A portion of the ncid solution Is used for the 
dctcrminntlon of the ferrous Iron. Tlie ferric Iron in the remainder of tlie solution 
Is iTtliiPc<l to the ferrous state nnd the total Iron Is determined with dichrornate. 
Tlie difference l>clwcen the quantltlea of Iron found by the two titrations gives 
llic amount of ferric Iron which was originally present In the ore. 

Tlic method described obose, while being trason.abIy relLable, has t'TO 
disadvantages. Tlrst, the presence of the residual solid in the measuring-flask 
leads to some uncertainly alwut tl»e teal volume of the solution. Tlits U a 
minor objection. SecomI, and tniieh mote Important, It Is Impossible to 
examine the solid thoroughly to make sure that nil Iron luas l>ecn removed 
from It, Accordingly, vhen results of maximum nceunvev nre desired, the 
solution must lje filters. .Manv Iron ores contain silica wfiich. nn treatment 
witli ncid, forms n colloidal solution which It Is nimost impossible to ilUcr. This 
silica must I>c dchydralesl, nnd a somcwliat lengthy series of processes Is 
nccessarj' ns folhm-s ; Digest a wcigbwl quantity of the ore srith coneentmted 
iiydrochloric ndd as licforc. After l«lf nn hour, remove the funnel, liaving 


the solution through a filter-paper Into the measuring-nask. Add 10 ml, of 
concentratrsl h>dfT»chloric ndd nnd 40 ml. of wattV to the residue, nnd digest 
it on the hot pUte fur a further kalf lioitr. I'iltcr Into the flask, nher cooling, 
nnd seash the residue with a rmall qtianthy of hot seuter. 

llrenk the filtrr-pnpcr nnd ssnsh the residue tnck Into the dish, using as little 
water as i«ossible. A«ld nn equal \oliime of coneenlmlfsl lijnlrocldoric add and 
digest on the hot pt ife for ten minutes. Phnec n drop of potassium thloejTinale 
on n while tile, ami ndd ' '• •» * ' ' 

nppenrs, continue the t . ■ ■ 

flask; ond tu on until n < ■ i • ■ 

i.ast solution nml the res • • ■ i 

Tor the ilelcnninntlon of Iron by |»otnssium perm,angnnate p. 157; 
elcctirimrtrically, Iiy ixilasshim diclirornalc, p, UIO; nnd by tltnnous 
rliloridc, p. 185. 

Dctcrmirutlon of Nitrates by the Oxid.it{on of a Ferrous Salt 

Tills lucttiml is t»a*esl on tlie f.iet that n ferrous salt is quantllatlscly 
otidiscft by nitric ncid In the |irrsrnrv of a considerable excess of hvilru- 
chloric nrld, ncrtmllng to the equation : 

UNO, •*- .qivci, -f .'iiici « NO -f 2ir,o 4- 

So tliat 

SlINOj C3 fllVCl, ta KjCrjO,. 

Tlie exi»rrimrnt Is cnrriesl out ns : Alxiut 0 ft grm. of the nitrate 

{l\NO, it mitnblc frif pnicticr) is nccuratclv wrighnl nnd Is i!is%n!\rtl In 
a utilr sratrr In n SOff-ml. <tUtiUatInn-nssk fittest with a sMe-lutw. Tlie 
neck of the flask i« clovtl I»y n nitdv-r bung, which carries a dropping- 
funnel nnd nn inht t«il*c rrarhlngwrll down Inside the flask Ttir flask Is 
plscfd In nn Inrllncil jw>.ltiftn. 
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A brisk stream of C0| from a Kipps* apparatus is now passed through 
the inlet tube to displace nil nir. When the air has been displaced, the rate 
of passage of the CO, is very much reduced, and a measured excess of an 
arbitrary solution of ferrous sulphate is added through the dropping- 
funnel. Fifty millilitres of a solution of FcSOj.THjO, containing 140 grm. 
of the salt and a little sulphuric acid per litre of solution, will probably be 
suitable. 

Some 40 ml. of pure, concentrated HCl are added, and any ferrous 
salt remaining in the funnel is crashed into the flask, using as little water 
as possible. The contents of the distillation-flask are gently boUed. The 
colour of the solution at first wilt be dark, almost black, and boiling must 
be continued for at least five minutes after the colour of the ferric chloride 
has appeared. A slow stream of CO, must be kept passing through the 
apparatus. 

During the reduction of the nitrate, a considerable quantity of HCl 
gas ■will be distilled over. These fumes may be absorbed in water by 
attaching one end of a SO-ml, pipette to the side-tube of the distillation- 
flask and dipping the other end of the pipette beneath the surface of a 
little water in a beaker. After the action is over, the CO, is passed through 
the apparatus until the solution is cold, and the solution is diluted and 
titrated with seminorraal K,Cr,0, ; 25 ml. of the arbitrary solution of 
ferrous sulphate are then titrated against the dichromate. 

As it is almost impossible to prevent oxidation of the ferrous chloride 
by some substance other than the nitrate, a better plan is to carry out 
n check experiment at the same time as the oxidation, using similar 
apparatus and manipulation, the only difference being that in the check 
the nitrate is absent. If 50 ml. of the ferrous sulphate solution arc used 
for the check, the difference between the two titrations will give the 
weight of nitrate directly in terms of the standard dichromate ; * it is not 
necessary to calculate the concentration of the ferrous solution. 

A more convenient procedure is to use titanous chloride to determine 
the ferric iron produced by the oxidation (p. 187). 

Determination of Nitrites and Chlorates 

Nitrites and chlorates can be determined by the ferrous salt method 
described above, the procedure being similar to that described for nitrates. 
The equations are : 

• HNO, -f- FcCl, + HCl = NO -f H,0 -f FeCI,. 

HCIO, -f- SFeCl, -f 6HC1 = 3H,0 -f OFcCI,. 

As chloric acid is a better oxidising agent than nitric acid, the oxidation 
Avith the former acid proceeds quantitatively in the presence of H,SO<. 
It is therefore better to use this acid in place of HCl, because ferrous 
sulphate is much less rapidly oxidised by the oxygen of the air than is 
ferrous chloride. 

Evaluation of Bleaching-powder and the Determination of 
Hypochlorites by the Oxidation of a Ferrous Salt 

Bleaching-po'wdcr Is a substance containing calcium, chlorine and 
oxygen. It is made by passing chlorine over slaked lime, and its 
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comjiosition ciin lx; represented by the formula CnOO,. On treatment 
with nn nchl, It Is decomposed xrllli the c\o!ullon of chlorine : 

caoci, + n,so, = Crtso. + nci -f nocn 
iici + iioci - ir,o + Cl* ) 

If a ferrous salt is present sthen the nchl is mldetl, the chlorine 
immediately oxidises this salt. 

Ol'eSO* + aci, = '^Fc,(SO*), + ei-cCl*. 

>Vhrncc 

nCaOCl, a 30, E3 AFc. 

That is, one atom of iron Is oxidised by cverj* n%*nllahle *’ chlorine ntom 
in the hleachlng'powdcr. • 

It Is found convenient In pracUee to add the “ solution *' of blenching* 
powder to nn excess of nn ncidifie<t solution of n ferrous salt, nnd then 
to <lctcrmine the nmount of uncliange<l salt by means of dichromatc 
M)hition. 

The Standard Eolation ol Ferrooa Salt. A sohillon containing 4 gnu. 
of iron per litre will t>c found suitable. The solution is preparctl hy 
dlssolring the proper qtiantity of ferrous ammonium sulpliatc (p. 1 W) In 
sratcr aeidinnl with <lihtte sulphuric acid. 

Prcpirallon o! tho Bleachlng-powder Ugoid. The solution is prepared 
from 10 gnu. of the h!ejicldng*|>ondcr nnd is made uj> to 1 litre ncconling 
to the following directions : Weigh out tiie blenching.powdcr from a 
•tnppernl sreighlng-tidte. As b!cachlng*|>oss'der is nttackeif by the njolstiire 
In the air, with csnliillon of cldorine, it Is essential, in onler to present 
<!afuage to the Iwilance, that the powder l)C kept eoscml during weighing, 
I’hre the i>osrdcr in n stnoolh porcelain mortar, preferably one sshleh is 
glar/sl inside, nnd add a few millilitres of vmtrr. Hut) the mixture into 
a paste hy means of the pestle, nnd add more sraler and continue the 
nibbing until a thin cream is fnrme<l. Aliosv the solid to Rul>s|dc nnd 
drnint the liquid into a litre flask. 

Thru triturate the rrsi<lue rei*entc<lly with fresh quantities of water, 
stirring up the liquM nnd pouring it nIT after each treatment, until the 
uliolr of the sioliil iias l»een tnuisrerrrd tn the flask, rmatly, fill up tlie 
fUsk to the mark svilh sratcr, nnd mix its fxmtrnts well hy shaking. Tlir 
liquid win nhrajn l»r milky, l)c«mse l)1rnrhing-|)owdrr Is not cornplrtcly 
soliibtr In water. The sulutlon must l>e litmtisl nt oner, l>eeausc It 
imdrrg’*es mjiid rhangr, nnd the flask shotiM l*e shaken iminesliatcly l>efoh* 
rarh aliquot |fortion i« srilhdntwn. 

The Process ol Titration. Take ml. of the ln>ii solution in n r*>nlcnl 
fltsk and nridify It further by adding 10 ml. «*f dilute sulphuric ncM. Ad»l 
g.* ml. of tlir freshly-shaken Iilr.'irhlng*|»owdfr su«i»*-ns|on, mix the lkiu!<1s 
well, nnd ilrtrnninr the wrighi of rrsidurl ferrous Iron hy tiirans »)f 
stat)'lanl )»*tass|um ilirtjT'rtnatr s*»billem. Tlie dlftermrc l>e\ween this 
weight nnd the swlgbt of inn* In tlie 50 ml. uriginally taken will give the 
weight of fcrr*u» Iroft wijitli has l*ern f)xld)s«-.| by the l>lraching-|>'iwclrr 
M'lution, 
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The Following Example is a record of the results which were obtained in a 
determinatioo, together with the calculation of the percentage of available 
chlorine present in the bleacbing-powder : 

10 grm. of bleaching -powder were treated with water and the liquid was made 
up to 1 litre. 

25 ml. of this liquid converted 0-1208 grm. of ferrous iron into the ferric state. 
According to the equation and statement on p, IS3, this indicates the presence 
of 


0 1208 X 8546 
55-84 


«= 0 0767 grm. 


of Cl in 2S ml. of hleaehing-powder liquid. 

Now 25 ml. of the bicaching-Hquid corresponds with 0 25 grm. of bleaching- 
powder ; therefore the percentage weight of available chlorine ' 


0-0767 X 100 
0-25 


^• 7 . 


Other Methods for determining the available chlorine in bleaching* 
owder are given on pp. 170 and 164. 

Determination of HypocMoritcs. The determination of a hypochlorite, 
such as sodium hypochtoc ite, is carried out on exactly the same lines as 
that of available chlorine In b!caching*powder. One molecule of sodium 
hypochlorite, however, oxidises two atoms of iron s 

NaOCI + 3HC1 « NnCl 4- HjO -f Cl*. 

\Vlicnce 

NaOCI s Cl, s 2Fe. 


Determination of Lead 

Tw'o dichromate methods arc available. In the first, the lead is pre* 
cipitalcd from an acetic ae id solution by an excess of potassium dichioraatc, 
the precipitate is removed by filtmlion, and the excess of potassium 
dichromate determined with a standard solution of ferrous ammoniiun 
sulpliate. In the second, an equivalent quantity of the dichromate is 
added to the iead solution, the end*point being determined ■with silver 
nitrate as an external indicator. 

Weight out accurately that quantity of material which is thought to 
contain about 0-25 grm. of lead. Dissolve it in 10 ml. of 50 per cent, 
nitric acid. Neutralise the excess of nitric acid >vith ammonia- 

Mtlhad I. Dissolve any precipitate In acetic acid and add sodium 
acetate- Add ft bnmvn volume, in excess, of a standard solution of 
potassium dichromate containing approximately 5 grm. of the salt per 
litre. Note that the dichromate is being used, not as an oxidant, but as a 
precipitant ; 

2(CH,-COO),Pb 4- K,Cr,0^ H,0 

«= aPbCtO* 4- 2CH,.COOK -f 2 CH 3 COOH. 
Hence 414-4 grm. of lead arc precipitated by 294-2 grm. of dichromate. 
Thus 50 ml. of the solution should be more than suftleient to precipitate 
flll the lead originally taken. 

Boil for nt least two minutes. Alter off the precipitate, using a Gooch 
crucible, wash with a hot solution of sodium acetate prepared by diluting 
5 ml. of a cold, saturated solution of that salt with 100 ml. of water. 
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Finally, titrate the excess of dichromatc with a dccinormal solution of 
ferrous ammonium sulphate, usini* either potassium ferric>-anidc as 
external indicator or ferrous phcnantbrolinc as internal indicator. 

Method II. Add a considerable excess of acetic acid to the solution 
of lead in nitric acid, which has l>ecn neutralised srith ammonia. Boil, 
and add, from n burette, a standard solution of potassium dichromatc 
containing* 7 to 8 prm. of the rail per litre in quantity surficient to 
precipitate nearly all the lead. Boil until the colour of the precipitate Is 
orange, and finish the titration, using a 3 per cent, solution of silver nitrate 
ns external indicator. 

Bclinblc results will Ikj chtalncil by this method only if (o) the solution 
of lead is conc'cnlratctl ; (fc) it Is kept as hot ns possible ; (f) the concentra- 
tions lx>th of the dichromatc and of the indicator arc near to those given 
nlK)ve. 

A method for the ilctcrminatioii of lead chromate iodonictrically is 
given on p. 173. 

USE OF POTASSIUM PERMANGANATE SOLUTION 
Introductory Remarks. Potassium permanjjanate solution, provided 
the conditions arc suiUhlc, readily ylcMs o definite iwrtion of its ox>'gcn 
to certain readily oxldlrablc sul>stniuYs, and may therefore l)c usetl instead 
(if potassium dichromatc solution for many volumetric dctcrmin.'it ions. It 
presents the ndsiintngc over dlebrom-atc that it Incomes colourless when 
it Is re<hired : an Indicilor Is therefore unnccessaiy, since the presence 
of the slightest excess of jicrmanganate is indicsitcd by iLs colour. It 
ftosscsses the further ndsnntage that It Is n stronger oxidising agent than 
dichromatc. 

Tlic f.dsc belief is current that |>ennan}pina!c cannot be used in the 
presence of hydrochloric acid, but It is only when hydrochloric odd is 
present together srilh iron or certain other csitalysts that the results are 
unsatisfactory. It is iwssjblc, forcxamplc, lodcterminc with great nccumcy 
the ficrcentage of calcium ox-alate In a vunple of that rail by making n 
snliitlon in liydrocliloric acid and titrating with permanganate. However, 
l>ec:iusc of the possible accidental presence of n trace of Iron or other active 
impurity, n liquid which is to \k tilinlrd willi pcnimnganale should 
prrfrrably lx; acidified snlh dilute nulphiiric acid. Nitric acid must not 
lx* present in any (juantily. 

^Vh^n n w»lutlon of potasMum penn-anganatc Is exposed to light, it 
gr.jtlu'illy iKvomcs more dilute !*y the decomj>osition of the ralt. The 
solution must Iherfforr lx; kept in »\ dark-bine ^Vinchr^ter ipjart bottle 
and slorrsl In a «*cil and dark place. Owing to this liability to change, 
the permangimtr soliithm shouM lx- stand-irdisetl not only Immcaliately 
after Its preparatlnri, hut n!*o at fit^jurnt Intcrs’ols. 

PrrparaUon, SlancLirdUalion, and Use of Potassium Pcnnanganalc 
Solution 

Tl»e following tractlfm l.aVcs place wlirn n cold, aridified »ohition of 
ferrous salt it titratcil with p<itfl«t|um ixmianganatc r 

2KMn(»4 4- BTc.'JO* - 8lI,SO, Sl e/SO,), -f "MnSO, -b 
Nr‘^04 d hUfi, 
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It will be seen from the equation that t^vo molecules of ICMnO* oxidise 
ten atoms of ferrous iron. Now, ns two atoms of iron are oxidised by one 
atom of oxj'gen (4FeO + Oj = SFcjO,), two molecules of KMnOi must 
contain five atoms of oxj’gen available for oxidation. A decinormal 
solution will therefore contain ' 

— ^ _ 3 . 1 CI grm. of the crystals. 

It is convenient to remember that 3 grm. of ICMn 04 are approximately 
equivalent to 5 grm. of KjCr,0, and will oxidise nearly 5-6 grm. of iron. 
Accordingly, to make an approximately decinormal solution weigh out 
3 grm. of potassium permanganate crystals, dissolve them in water in a 
litre flask, and dilute to 1 litre Avith water. Potassium permanganate 
dissolves slowly in cold water and, as it should not be heated, it is essential 
that the crystals be ground finely. Great care must be taken that all the 
reagent has dissolved before any of the solution is used. 

The ferrous sulphate solution should be made, preferably using ferrous 
ammonium sulphate, immediately before it is required for the titration*, 
it contains approximately 40 grm. of FeS 04 .(NH 4 )jS 04 , 6 Hj 0 per litre, 
and the presence of a considerable quantity of dilute sulphuric acid to 
prevent hydrolysis is essential. Better, weigh out accurately portions of 
about 1 grm. of the salt, and dissolve them separately in dilute sulphuric 
acid. Each portion will be equi^'alent to approximately 25 ml. of the 
permanganate. 

The subsequent procedure is similar to that already described under 
the standardisation of potassium dichromatc ; the use of on indicator, 
however, is unnecessary, since the end of tlie reaction is marked by the 
appearance of a pink tint in the liquid, caused by the presence of a small 
excess of the strongly-coloured permanganate. 

Pour some of the permanganate solution into a burette fitted with 0 
glass stop-cock, filling the burette to the zero mark. Read from the top 
of the meniscus, because the liquid is strongly coloured. Allow the 
permanganate solution to flow into the cold ferrous solution, which has 
been acidified ^ritb about 10 ml. of dilute sulphuric acid, and has been 
diluted with distilled water. 

Continue the addition of the permanganate solution until a faint 
permanent pink colour remains after the liquids have been mixed. Tliis 
colour is readily seen when the beaker containing the solution of iron is 
placed on a piece of white paper, or on a white tile. 

Two titrations should be made, and they must not differ from one 
another by more than 0-1 ml. 

Standardisation o! Potassium Permanganate Solution by means of Oxalic 
Acid. ^Vhen potassium permanpinate solution is added to a warm 
solution of oxalic acid which has been acidified with sulphuric acid, the 
following reaction takes place : ' 

2K3In04 -f 5Il4C,04,2Hj0 + 3H|S0* = lOCO, -f ICjSO* + 
2MnS04 + 18H,0. 

It will be seen, on comparing this equation >Tith that givenfor a ferrous 
salt, that 120'1 grm. of crystalline oxalic acid arc equivalent to 117’7 grm. 
of iron, and require 10 grm. of o^^gen for their complete oxidation. Thi? 
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is jm)\i<lc<l by qp qjj.o jjnii, of pcnnanpumtc. TIjc oxidation 

of oxalic acid is sbomi more simply by llic following equation : 

11, c, 04.211,0 4 . o « 2CO, + niijO. 

A Staiulard SoUition of pure Tccrj'stalllscd oxalic ncid, of njiproximntrly 
dfcinormal concentration, is require*! for the titration. T7iis is preiwrr*! 
by dissolving an nccumtcly-acigbed quantity of alx)ut l-S pnn. of tlic 
pure crj'stnls In smter, and by diluting the solution to 250 ml. To 50 ml. 
of this hobition in a conical flask, add 10 ml. of dilute sulphuric ncid, 
dilute considenddy uitli water, lie.at to CO’C., and run in the solution of 
jKitnsslum j>crmang:tnatc, containing about 3 grm. per litre, until a faint 
I>cmiancnt pink tint remains in the liquid after it b.as liccn mixwl. If the 
;>cnnangnnale is nd<lcd t(*o rapidly, n brown precipitate forms, sThich is 
rcmovcil with flifllculty by adding more sulplmric acid. In this c\rnt 
traces of oxygen wilt Ik: evolved, and the residt may !« low*. 

Note. In work where llie tnoil Accurate resulLs possible must be ohtAincil, 

“I- iv" -- ->t.. «!.- 

. . ■ . . . t 


On the other hand, samples of pcnnanganAlc of high purity can now l)e 
obtalne*!, and it Is sometimes siinidently accurate to m.aV.c up n standard solution 
of this reagent by ssrlghlng. A solution •tandanllscsl hy weighing must lie us«! 
immeilLatelj". 

Detennination of Iron by means of Standard Permanganate 
TJie iron present in a snbslnnec In the fernmv or the ferric condition, or 
l»artly In each txpudition, may Ik* determined by tllntion with standanl 
ItermangTUiatc sohithm, instead of by diclm>matr, if oxidis:»ble orgsmic 
matter nml by«lrocbI<irlc ncl<! arc nbsent. The mctluxl is similar to that 
dc«cril>cil fur iKitasshnii dirbrnmate, except that the use of n siirrinl 
indirator Is iinncccss.arj' (see pp, 145 ond 15>»). 

Wlirn Using |H-nnangnnntc, it Is ndvivabir to rrdiu*c ferric iron with 
rinc and sulphuric achl or with sulphur dioxide, and not with stannous 
fhloridc, and to nsuld nllogcthcr the Use of hydrtK-dduric ncid. The ferric 
Inn nets ns 11 catnls'st and in Its presener ])otnss[iim jiennanganatc will 
slowly oxidise liydrindduric ncicl. Tlds means that a slmr^i cnd*|*oInt 
rannut l*r o!»t.iinrtl, liccnnsc the pink colour is continually hiding. 

On llip rare orrashms when tl»e u*c of potassium l*eniwnganatc for the 
•trlrmilnstlon of Iron la tl»e prmrore of hj-drochloric arid proses unavoldahle. 
rra*oaa!>Iy accurate rrsults ran Is* obtained hr carrying out tlie titratlnn In 


lntn«Iu>-tt-tn of 2 dmjn of f'-rri'tn phrnantliroltne Indicator (p. 145).' 

Determination of Oxahile in Solution b)‘ mcani of Standard 
Pcimanganalc 

.\n ux-nlatr which is w.luhlr in water, or in dlhitr mineral ncid*. is rmdjJv 
determined l.y means of st.nndml i*rriiisiignintr Al>ont 2 .’’.grni. 
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of the oxalate ore accurately weighed and dissolved in water, or in dilute 
acid, and the solution is made up to 250 ml. The subsequent titration 
follows closely the method used for standardising a solution of permanga- 
nate with oxalic acid (p. 150). 

Determination of Ferrous Oxalate. A suitable quantity of the salt is 
weighed out into a beaker and dissolved in a smollquantity of warm, dilute 
HjSOi. The solution is cooled, transferred to a measuring-flask, and 
made up to a known volume. 

An aliquot portion is taken, diluted, further acidified with HjSO,, 
and titrated warm with potassiu m per manganate. The volume of the 
ICNInOi used is a measure of Fe + 

The iron in the aliquot portion, after the destruction of the oxalate 
radical, is reduced with zinc and sulphuric acid, the unused zinc is 
removed (p. 147), and the ferrous iron is again oxidised %rith the standard 
ICMnO|. The volume of permanganate now used is a measure of the 
iron only, and the oxalate can be determined by difference. 

It is impossible to determine the iron alone by titrating first of all in 
the cold, because some of the oxalate radical is ineWtably oxidised ; the 
manganese sulphate produced in the reduction of the permanganate by 
the iron acts ns a catalyst. 

Determination of Calcium in Solution by means of Standard 
' Permanganate 

The calcium is precipitated by adding a measured >* 0101:16 of standard 
oxalic acid solution in c.xccss. Either the excess of oxalic acid is then 
determined by titration with standard potassium permanganate solution } 
or, better, the oxalate radical present In the calcium oxalate precipitate is 
determined (compare p 156). 

Procedure. Add to the boiling solution of the calcium compound, 
contained in a flask, ammonium hydroxide solution in excess, and a 
measured volume of standard oxalic acid solution, in quantity more than 
sufljcient to precipitate all the cajeium as oxalate. Allow the precipitate 
to settle and then decant the hot liquid through a filler-paper, finally 
transferring the precipitate to the paper. Wash with hot water, to which 
a little ammoni.a has been added, until a few drops of the runnings when 
warmed in n test-tube with dilute and very dilute permanganate 

solution fail to decolorise the latter. 

Then, either acidify tlie filtKitc with dilute HjSO*, heat it to CO® C., and 
titrate the excess of oxalic acid with a standard solution of potassium 
permanganate ; 

Or dissolve the clean precipitate of calcium oxalate by pouring hot, 
dilute HCl or H.SO4 tbc filter-paper. If HjS04 is used, a persistent 
white residue may be left on the paper. Neglect this, os it will only be 
calcium sulphate, provided that the paper has been washed three or four 
times >rith acid. Titrate the filtwte and >vnshings with standard 
permanganate as described above. If this second method is adopted it is 
better to precipitate the calcium oxalate ns follows : Acidify the solution 
of calcium wth hydrochloric acid ond add a solution of ammonium oxalate 



LEAD DIOXIDES 


inn 


in t-M'tv'*. lioil, iiixl |ir(-ci]ut:itr tliccnlciutn oxnbtt* liynddin^ iinunnnitsrn 
hydroxide in cxcc^s to the boiiin}; Miliitinn. 

The equations nrc : 


Htnee 


CnCI, + HjCjO, « 2HC1 + CnCjO,. 

SCaCjO, + SIljSO, + 2KMnOj K,S 04 -f SMnSO, 
+ lOCO, + CGiSO* -f 8I1|0. 

5C« r- SlIjCjO, r- SK.MnO,, 


or 5 X 40-1 grm. of calcium nrc rquK'aIcnt to 3IC-1 ;jrm. of lOInO*. 


Determiaation of Other MetaU by Standard Permasmoate. Any mrtnl 
jrtvM an iivsol\d>lc oxalate can l>e dclermlnesl l»y the method described oIkivc. 
Lead Is such a rnctal. It is preciidtated as oxaLite Ly addin;; ox^ilic add to a 
snhitlnn of lead which has Ixren made stroncly add with aeclic acid. In this 
rase it is better to determine the excess of oxalic acid in the fl!tnite,biit the slashed 
rrrdpitnte of lead oxalate may l>c dissolved in dilute nitric neid (which has 
l>ecn lioilftl to expel traces of nitrous add); or it may lie decomfxwcd witli 
dilute sulphuric add and tlic amount of oxalate mdien] equivalent to the lead 
delemiincd In the resulting solution. 

Tor the drtrnniiiatiun of Butnntb by this metho<1. consult the 12th ildilion nf 
SuUon't I’ofumrirfe Anahjsia. 


Determination of Dioxides by Potassium Permanganate 
Lead Dioxide in n sample <if tint cotnpoiin<l, or in Red Lead. Wrich out 
accurately obout 0 fl grm. of the aulntanrc Into n eonient flask and add 00 ml. 
of 10 {•er rent, nitric ndd, sshich must be free from nitrous nd<i. and heat. In 
the case of the rest lead, the following reaction takes place : 


in.»04 i- IHNO, ~ aPb{NO,), + 2II,0 + PbO,. 

IMien the renetlon is over. o<ld M ml of n sbandan! solution of oxalic add of 
approximately ilednormal eonrcntratloii. beat nearly to boiling, and titrate 
hot srith stand.srd, approximately derinomin! jiotasslum permanganate solution ^ 

I'bo, c 1 o o ii,c,o,.2H.o Q 


I'of the detrnnia.illon of maoxaoese dioxide by this method, see p. 207. 


Determination of II)drogen Peroxide by Potassium Permanganate 
Conimerrial hjslrogeii peroxide Is sold In three ronrenlratlons, containing 5, 10 
or 20 times (ts own voltimr of *• ns-alln!ilc ” oxyprn. The so-cnllfil “ 10-volume '* 
•olutiofi •hotiM fimside fen times (ts own swlume of oxj-gen. measured at 0*0. 
and 7m mm., nn<l should coninin ft-Ol iwr ernt. of ll|b|, or Wa per rent, by 
wriglit of •* as'all.sble ** oxjjrn. 


plart* as follows : 

2lOIfiO, .1 311,0, d 4H,.SO* - 50, 4- bll,0 -f 2K'nSO, + 2.MnSO,. 

Proerdtirf. TaVr n sidiime of tlw soluliiiu of |j>drt,/rn |<nisl<Ir 

(23 ml. of tl»<* in sidurnr rrapent will lie sulUble) In n 2.'.0-ml. measuring (last, 
ftml dilute to ibr mark ssSih ssatrr. sshieli must it»eif Juisr no appreriablc rrartion 
with cieli!i'';fil (oilntsluni f«TTiiaiigsnslr. 

AtM .3 ml. «if shliitr lulpliurir arid to al-til 500 ml, of water In a porrrlain 
dish, ami add derlrK>rmal ^■'■r^«tlgan.‘llr snlntion Until a faint I'ermvrjmt pink 
rolmir ptrsMs. Itrad the I'urrttr. Add 25 ml, of tlw ildutcsl hssJrogm riemxide 
solutiiuj. ami rs'titlnur tbr additlm «»f Ihr ^nnang-inatr until tlie Wo; pink 
rol-air Agsin l-xsnnrs |<rrmanrnt. Tlie dilf«TTT»er l■(-twre^ tin* two Injrrtte 
mwtlngs Is a mr^sure of tit*- hyJmgs-n prrsjxidr present. Tl»r jimjiortion of 
hsdrx*grti jtrroxldp femnd In (l>p aolutlon ran l>e rxprrssnl either as trrcrntaee 
e r by weight, or as iwrrmtage of ** asaiUble '• ox jgrn bj- Milume. 
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Oxidisable organic compounds, such as glycerol, arc sometimes added to a 
solution of hydrogen peroxide to preserve it. Their presence can be detected 
by determining the 11*0, by the above process and also gosoraetrically (p. 207) 
or iodomctrically (p. 179). If the first method gives the higher result, some such 
impurity is probably present. 

Petermlnation of Nitrites by Standard Permanganate 
Nitrous acid is oxidised by potassium permanganate according to the equation 
2IOInO, + 5HNO, -f aHjSO, = K,S04 + 2iMnS04 + 5HNO, + 8H,0. 
The reaction proceeds readily only if the solution is %varm, but low results may 
'I ' . . *1 _ ' tbeacid 

‘‘i i allask. 

This is diluted with %vater, acidified with sulphuric arid, and warmed to about 
40® C. The solution of the nitrite to be analped is then run in from a burette. 
If the end-point is approached slowly and the liquid is constantly stirred, 
excellent results are obtained. 

(6) A measured excess of the standard permanganate is placed in the flask, 
diluted with water, and acidified with sulphuric acid. A ]a]o^m volume of the 
nitrite is tlicn added, the solution is heated to CO* C., and the excess of per- 
manganate is determined by titration with standard oxalic acid. 

In these, as in nearly all ofiier oxidation-reduction reactions, it is advisable 
to use solutions not stronger than decinormal. 

Determination of Persulphates by Standard Permanganate 
This method is based on the fact that an acidl&ed solution of a ferrous salt 
is easily and quantitatively oxidised by a persulpliate : 

2FCSO4 + H,S,0, » Fe,(SO,), + HjSO, 

The excess of ferrous salt is determined by standard permanganate. 

The method is similar to the determination of a nitrate by the ferrous salt 
method, using potassium dieromate (p. 152). However, as ferrous sulphate 
is not so easily oxidised by atmospheric oj^gen as ferric chloride, elaborate 
precautions against accidental oxidation are unnecessary. 

The persulphate to be analysed is weighed out into a flask and a measured 
excess of an arbitrary ferrous sulphate solution is added. Then 200 ml. of hot 
water are added and the solution is allowed to stand. Heduction will he 
complete in about one minute after the salt hos dissolved, provided the 
temperature is above 80* C. For lower temperatures allow longer times. As 
the persulphate may be decomposed by hot water, the ferrous sulphate should 
be added before the water. The excess of ferrous sulphate is titrated with 
standard permanganate, the ferrous sulphate solution being standardised against 
the permanganate under the same conations. 

Delenninalion oI Persnlphates with Oxalic Acid. Persulpliates do not ordinarily 
react with oxalic acid, but in a boiling solution in the presence of a catalyst, 
conveniently silver sulphate, the oxidation b rapid and complete. 

The persulphate b weighed out into a large conical flask, and a measured 
excess of a standard solution of oxalic acid, together with about 10 ml. of a 
10 per cent, solution of sulphuric acid saturated witli silver sulphate, are added. 
The solution is heated on a water-bath until the evolution of CO, has ceased. 
Tlib may require about twenty minutes. 'Hie solution is then diluted, warmed 
if necessary, and titrated with standard permanganate : 

HjCjO, -f- H,S,0, « 2H,S04 + 2CO,. 

Determination of Formic Acid and Formates by Standard Permanganate 
Formic acid reacts only slowly in the cold with an acidified solution of 
potassium permanganate. If the solution b hot, some of the acid b lost by 
volatilisation. On the other band, a formate b easily oxidised by potassium 
permanganate In the presence of a strong base, but os only three of the oxygen 
atoms in the double permanganate molecule are available for oxidation, 
manganese dioxide fa pn»uoed In the reaction : 

K,0,25In0„30 + 8H COOK -> 2I^CO, -f lOICO, + 2.MnO, -f 11,0. 


romtic ACID 


ini 


The prc^ncc uf Ihc prcdpiLnled miingancsc tlio'iiilf iimkc^ the recognition 
of the end-point dUTlcull. It h therefore better to ndd fint nn except of per- 


uiMiiiiie iKjuiu uiii^iiig iimiiguiie&e uiu&uie in kuijicnsiuii. 

Tor pmetice, tnkc 23 nil, of a solution cooLnlnlng 0 prm. of sodium formate 
I>cr litre nnd ndd n coaiidcmhle exeeas of sodium carbonate. Heat the solution 
to CO* C,, nnd ndd to it, from n burette, about 25 ml. of n 0-1 K. solution of 
jicrmanganalc until the prrecncc of nn excess of IhU reagent Is marked by the 
nppeamnee of o definite nnd persistent red colour. Add nn excess of n standard 


CalculltiODi At tlie final rnd-|toint the solution is nrid, nnd. ns tlie final 
prrKlucts of n chemical reaction arc Indejiendent of the stages by sshich tliat 
reaction lias l>fen brought to completion, fis*e atoms of oxygen per double 
molecule of permanganate liave been used. Therefore ignore the equation given 
nlKiS’c save to note tliat one molecule of sodium formate requires one atom of 
oxj'gen for its comjdctc oxidation. In nn netuni determination the folloiving 
results were obtnlncsl : 

To 25 ml. of n solution containing S grm. of n sample of sodium formate per litre 
were added 25 ml. of 0-1 N. KMnO*. After the reaction in alkaline solution srat 
cornpletH, 20 ml. of 0-1 N. oxalic solution were addeil. After the addition of 
dilute sulphuric odd, 12 3 ml. of the K.Mn 04 were required to reach the end- 
{mint, Becnuie both solutions were decinortnal : 


OTiiitine AfmU. /ferfuefng /fgent#. 

(23 -I- 12 3) -• 37-3 ml. lOlnO, B 25 ml. H COONa + 20 ml. HiCjO,. 
20 ml. IDIqO, b 20 ml. HiCjO,. 

Tlicrefore, (37'0 — 20) ■■ 17'3 ml. ICMnO, n 25 ml. IbCOON'n. 

Now 2 KHn 04 n 6 O b 5 lI COONo 

or 310 grm, IvMnO* n 5 X CS grm. II COONa. 

17*3X310 r, 6XC8X17-3X310 „ 

luou f™- ° - m—aVi- “ COON". 


Tills quantity of formate wus In 25 ml. of solution. 

5 X Cl X 17-3 X S IC X 1000 

Henccthc weight of formate per litre — i wo ~ x ~ 5 i o x 25 


— S 35 grm, 

■ Tlicrefore the |*ercrntngc of swlium formate In the s.smple wn.s 
2 35 X 100 


DSE OP CERIC SULPHATE SOLUTION 
Tlie oxidi^fiig faiwrr of iTric sulplintr Is rtuiniamhlr ssitli that of 
j*r)taisiuni jwnnangan.'ite, but It has the great ndvnntage that Its retliicthm 
It n one**t.ngr prTxx-s» : 

2 fe<S 04 ), ri- n.r.O* - -h II, so, H- 2CO,. 

TlirrrfiirT it ran Ik* umkJ witlmut pajdng that strict nttenllon, wliirli is 
fcornrtlmrt nrcrstarj* In llir cn*r of |•^^nangan.^te, to the working 
rorxliih'ntundrrMhirhailrlermlnaUonlsniadr. rurther, It will not readily 
oxItlUe hsnlnwhlnric ncid In the presence of Inm, and Its Milutlon Is more 
ttablc than that of iwrmanganatf. On the other liand, as its natural 
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yellow colour is much less pronounced than is the purple colour of 
permanganate, the end*points are much more dilTicuIt to detect when 
colourless solutions are being titrated, and the use of some auxiliary 
indicator becomes essential when the solutions are coloured. This reagent, 
however, is particularly suited to use with the electrometric method 
(pp. 214-220). 

Preparation and Standardisation of Ceric Sulphate Solution 
The molecular weight of ceric sulphate is 332'2. It .will be seen from 
the above equation that two molecules provide one atom of “ available *’ 
oxj'gen, and hence the equivalent weight is also 332'2 and a decinormal 
solution will contain 33*22 grm. of the salt per litre. It is customary in 
ordinary work to use a 0 05 to 0*1 N. solution. 

The ceric, sulphate ordinarily purchased contains only about 50 per 
cent, of the salt. Therefore weigh out approximately CO to 70 grm. of 
the finely-powdered materi.-iL Digest this for three or four hours with 
hot, dilute sulphuric acid, adding more acid from time to time as seems 
necessarj’. Cool. Decant the Elution through a filter-paper and dilute 
to 1 litre. 

Standardise this solution against oxalic acid or sodium oxalate, following 
the method given for the standardisation of permanganate (p. 150). The 
solution to be titrated must be diluted to 200 ml. and contain about 
15 ml. of concentrated hydrochloric acid or 40 ml. of 10 per cent, sulphuric 
acid. Titrate at 70® C, until the colour of the solution becomes faintly 
yellow. 

Determination of Hydrogen Peroxide with Ceric Sulphate 
2 Ce{S 04 ), + H,0, » Ce,(S 04 ), + lIjSO, + O,. 

The method for obtaining a suitable weight of hydrogen peroxide for analj'sis 
is given bn p. 150. To a suitable volume of the solution of hydrogen peroxide in 
a conical flask, add lO ml. of dilute sulphuric acid and a few lumps of ice. Dilute 
to SOO ml. and titrate with the standard ceric sulphate solution, using either the 
colour of the reagent itself or ferrous phenaothroline as indicator. 

Determination of Ferrous Iron with Ceric Sulphate 
To the solution, which should contain about 0*15 grm. of iron in 150 to 
200 ml., add 25 ml. of a mixture containing 150 ml, of concentrated sulphuric add, 
and 150 ml. of concentrated phosphoric odd per litre. Titrate with standard, 
approximately decinormal ceric sulphate solution, using either ferroiw 
plienanthroline or xylene cyonol FF ns indicator. The reduced form of this 
latter indicator is green ; the oxidised form is red. Ten drops of a 0*1 per cent, 
aqueous solution should be used. ’ '*> 

The :^ction proceeds equally well with either indicator if the ferrous solution 


resuiuure uureiiubie. 

USE OP STANDARD SOLUTIONS OF IODINE AND SODIDK 
THIOSULPHATE 

Iodine, dissolved in an aqueous solution of potassium iodide, can be 
used as an oxidising agent in many diUerent reactions. As, however, it 
does not always react quickly, it is more usual to add the standard iodine 
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1C3 


solution In excess, nncl t<» dctennlne the excess with n solullnn of Mxliiim 
thiosulphate. Therefore the two itolutions arc nearly always use<l in 
association. 

.SofUtim thiosulphate reacts with lo<l}nc to rIvc Iodide and 

sotllurn tetmthlonatc ; 

UNa^SjO, + I, « 2N’ftI + NajS.O,. 

Of these rra^jents, oidy lo*llne is colourcfi, and therefore it should l>c 
}K»ss|hle to judge the cnd*jviint by the disapi*eamnee of the f.iint yellow 
eolour of a dilute af|uenus solution of iodine. Tills inrthoil js In fact 
Komclirnrs used. The end*point, however. Is made much more obvious 
by the nilditlon of starch «olutlon, sshleh Rises nn Intense blue colour in 
the presence of ii ^mall rjiiantlly of hxHne. This colour may Ik* a dirty 
brosm If much |o<llnc Is present and, therrforr, titrations should Ik* e:irrir<l 
ns far ns [Kissible without the Rtnreh, this Indlcntor Ik-Ior nrlded within 
2 to tl drops of the end-jvomt. 

Prqinrntlon and Standardisation of the Solutions 

It Is eustomnrj* to ijse approximately decliionnal Rolutlons of Iodine nnd 
UMllutn thloMiIplmte. 

Preparation ol a Solution ol Iodine. As the er|ni\-jdcnl wcIrIiI of Iodine 
Is 120 02, n dtelnonnnl Mtlutlun contains 12 Cf>2 pm». of the element |)cr 
Hire. 

Welfth out alKittt 10 yrm. of purciotlinc Into n litre llask from n sloppcrcrl 
Ifottle, taking care to remove the Iwdtlc from the t»al.inee>cnv* before 
taking out the ♦.topper. Tlien ndd niKmt 20 pnn. of pure i>olftssjum Iwllde 
nnd nlKUit 10 ml. of water. Shake tlic e«mtents of the flask until (x)tnplctc 
solution has taken pi tee, n«MinR more of tlir Imlide, If necessniy, to com* 
pirtc the solution of the liKUne. Then fill the fl-ask up to the mark with 
dbtlllrd water. Tlic ♦•olutlon must Ik fcej»t In a welbstopiKreil tattle, 
nml In n cool, ilark place. 

J//er7inh'nr/'/, ns n solution of Iodine must Ik re-stnnd:inll*etl frequently, 
a solution containing |>'itns<ium iodate nnd potassium Iodide on often 
Ik* u«<^I In Its sicjul In nnny drtrmilnnllnns. Tills solution iloes not 
drtrrlomte If It Is kept In n stop|»<*rrsl liottle. nnd ii kninvn weight of 
loline ran Ik" o\/lalnr<l fn»ni It when irspilml, Iiy the ndditlon of ncid 
to n suitable stdiune of it. As %Tr>’ pure p*>tnsshun lotbite Is obtninnble, 
n stnndanl solution ran Ik made by sHssohlng n kno^vn srrlgbt of this 
salt In »ratrr ntul by diluting the solution suitably. On the ndditlon of 
nn neld. ixU-asshun hul itr oxldlws the iodide qunntit.atlvrly, nceonling to 
Ibe e«pntlcm : 

Kio, -f 5KI -i- fiiici - oKci + nli,o + ni,. 

Tlius. onr rnolrrulr of |o»lite, of motrnjhr srrlgbt 211-02, pnxlures 
six ntfsnt of |<M|inr. To make X litre of n drelnoniml solution, weigh out 
n i07 pnn. of isitassium jfslitr. Dissolsr the salt In nlsnit 100 ml. of 
hot water (it di»wil\rs sera* slowly In the eoM), esKil. transfer to n litre 
ns*k. n.M pmi. of pot.a*»{nm l‘'■1lde (excess), nnd make up In 1 litre 
with ttl»tille«! water. If 25 rnl. of this S4itiiti>>n nrr taken nnrl nridifird 
with n to 4 ml. of r^'.rnjal hadnsehloHe neld. h«bnr ex.artly rquhnlrnt 
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The hydrogen iodide producetl by the action of the sulphuric on llie 
potn<iIum iodide may be oxidl<cd b>' the air and give hip)» results. Tills 
d.ingcr is niinlml’vctl by using only a sinnlt quantity of potassium iodide 
and a very sm.ill excess of sulphuric acid. A large excess of sulphuric 
acid will al<o nltnck the thiosulphate as follows : — 

XrtpSjO, + ir^SO* Kn^SO* + SO, -f 11,0 + S. 

The Uilosulpluite solution can atm be standardised against potassium 
dichromate. Tlil-s is less satisfactory. Tlie green colour of the chromium salt 
does not mask the end-point with starcli, but the dIchromate does not oxidise 
hjnlriodic acid at all readily, ^me five minutes must be allowed to ebpsc 
between tlie addition of the oxidising agent and Die titration. During this 
lime the cxecsi of h)(lriodIcacld may be oxidised by the air. Tlie bare minimum 
of sulphuric acid must tlierefore be used. It U best to allow the reagents to 
react in fairly concentrated tolulion In a stoppered flask and, after five rnlnutcs, 
to dilute to &00 ml. I.cfore tltmtlon. 

It Is obvious that If n stamiant solution of sodium thiosulphate is 
nvallahlc, iodales, permanganates nnd dichromatrs may 1.0 determined 
by the mclIifKis dcscribe<l above. 

An Iodine Solntion may be itandardised very nccuratrly either against a 
known ssclghl of pure Iwrium thiosulphate crx'stnls, BaS,0,,11|0 ; ngnlnsl 
n frrshly<s|nn(l.srdisc<l solutlun of sodium tldosulplmtc ; or against pure 
nrsenious oxide (p. 100). 

If barium thiosulphate Is used, weigh out necumtcly 0 5 fo 0 0 grm. 
of the pure Cf>'*tnls into n conical Ibsk. A<ld >enter, ami, stlthoul >niitlng 
for the cr>*stnls to dissolve, run In the iodine slostly from n burette. The 
solution should never Iw inorr than f.ilntty colournl by the iodine. When 
nnt}’ n small quantity of solid iKtrium thiosuiplinie remains, ndd stnreh nml 
cximplctc ttic tUmthin slowly, 

SnaSjO, + I, Dal, + IJ.aS.O,. 

Determination of Tin in Solution b)' Iodine 

Mien an lotlinc solution Is hrotight Into cstnlncl with n stannous chloride 
solution, one molecule of iodine (I,) converts one molecule of stannous 
chlorhlr (FnCI,) into the stannic csmijKmnd. 

Weigh out ocaimtely nN.ut 1*5 gnn. of tin, or an equi\-nlcn( weight 
of a tin s-itt. IlissoIsT the metal in 55 ml. of hydrochloric ndd dilutcil 
ssith Its own sohmic of water; lliiso|wfallon may Ik* hastened by adillng 
n few drops of eldoToi.kallnlc ndd, but, if the solution Is lK>llesl, or heated 
nearly to l«»IHng, snnip of the tin m.ny Ik* lost by volailliMtion. Make 
tip the solution to 5.',o ml., IHlering If necessarx’. As some of the tin ssill 
base Iwen oxhllsril tluring this process, the metal must Ixr completely 
tr<luets| As follows ; 

A mnlral na»k of 50() ml. ca|Mrlty Is ri<Kr«l by n cork, which is flttcel 
with a Ihmwn \*nl>T, and whirli also mrrirs n long gUis ro«l, flattened 
(nin n disc at one end nnd rt-»eldng nearly to the Ixittom of the flask, 
.k strip of nickel foil some 4 Inches long, 1 Inch whir, nnd OPl Inch thick Is 
wound round the rral and supportcsl by the disc. 

Transfer 1^5 ml, of the tin solution to the flask, and dilute It with 
cnoocntratcsl lijslnKhlorie ncid and ronielent water to prfxluce nl»oul 
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40 per cent, hydrochloric acid. Activ'ate the nickel by dipping it into a 
hot, concentrated solution of ferric chloride in hydrochloric acid for two 
minutes. Wash it, and place it in the tin solution. Heat the flask on 
the hot plate until hydrogen is evolved freely, but do not boll the solution 
or stannic chloride will be volatilised and lost. The brisk evolution of 
hydrogen is maintained for at least forty minutes. The hydrogen will 
escape through the Bunsen valve. 

"When the reduction is judged to be complete, slip off the \’alve-rubber 
from its short piece of glass tubing and connect up a Kipp’s carbon dioxide 
apparatus to the glass tubing. Care must be taken to eliminate air by 
flrst flushing out all tubing and ^rash-bottles with a stream of carbon 
dioxide. At the same time, take the flask from the hot plate and remove 
the nickel from contact Avith the solution by pulling up the glass rod 
through the cork for the necessary distance. The cork must not be taken 
out. Cool the flask under the tap. The entry of air must be prevented 
by maintaining the atmosphere of carbon dioxide at the slightly positive 
pressure made possible by the use of Kipp’s apparatus, as the solution 
of tin is very easily oxidised. ^Vhen it is quite cold, remove the fittings, 
wash dorvn the nickel rvith cold, distilled water (from which all air has 
been removed) and titrate at once with a standard solution of iodine, 
adding starch as the end-point is approached. ^ 

Koto that if the determination is unsatisfactory, the tin is not 
jrrerocdiahly lost. The nickel foil can be replaced ond the reduction 
repeated, though In this case it will probably be necessary to add a further 
quantity of hydrochloric acid to maintain the concentration. 

Alternatively, the tin may be reduced with aluminium foil, or, better, 
with precipitated antimony. The latter metal need not be eonlpletely 
dissolved by the hydrochloric acid before the titration, because it will 
react only very slowly with the cold solution. Add 50 ml. of concentrated 
hydrochloric acid to the tin solution, dilute to 200 ml. and add 1 grm. of 
precipitated antimony. Heat on a irater-bath for twenty minutes while 
passing a slow stream of carbon dioxide through the flask. Boil briskly 
for two minutes, cool in an atmosphere of carbon dioxide and titrate at 
once with standard iodine solution. 

The use of chloramine-T (p. 184) permits the reduction to be carried 
out with lead foil. The technique is the same os that for nickel, but the 
reduction must be allowed to proceed slowly for one and a half hours. 
■\Vhen the solution is cold, an air-free solution of sodium hydroxide, with 
a little solid sodiiun carbonate, is added to it to reduce the concentration 
of free acid to about 3 per cent, ond to maintain an atmosphere of carbon 
dioxide. After the addition of a ciystal of potassium iodide and a few 
drops of starch solution, the tin Is immediately titrated with a standard 
solution of chloramine-T. 

Determination of Arsenic in Its Compounds by means of Iodine 

^Vben iodine is added to a wcakly-olkaline solution of arsenlous oxide, the 
following reaction takes place j 

As,0, -f. 21, + 211,0 « As,0, + 4HI. 

This action Is reversible ; that is to say, under suitable conditions hydrlodlc 
acid will reduce arsenates. "Ilierefore, In order to make the oxidation ^vith Iodine 
quantitative, the hydrlodlc acid must be removed os it Is formed. A base such 
os sodium bicarbonate must be present. On the other hand, if tlie P„ of the 
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MiliiUon It too high, the Iodine will l)c dotro)td by the alWAli with the production 
of h>*poIodid« or IfKlatei. 

If |nirr nrvenlcrtit oxide It ntTillaWe, a tolution of iwlinc can be •tnndntdiseil by 
Ihli mcthofl. ThU procc^t only will i»e described, the determination of trivalent 
nr«cnlr being merely Its contTrse. 

SlandtiTfl Sohtitott of ArtmiotLt Ojridt. The eoujvnlcnt weight of nrsenlous 
oxide Is 49 15. To make a litre of approximateiv decfnormal solution, weigh 
otit ftcrurtllely nlwtit 4 915 gim. of the purr, rrstiblimed oxide. Dissolve In a 
fesT mlllililTrs of svnter rontaining some 4 grm. of sodium hjnlroxldc. Dilute 
with Water, nihl fi drop of plienolphthalein, and titrate srllh dilute sulphuric 
odd until the Indicator Is just colourless. Transfer to n litre fiasV. Add 
100 ml. of n sntumted solution of sodium l>Icnrbon.ite, and dilute to 1 litre. 
It is ImmntrrLal s^lietlier the Icxline solution Is run into the arsenite, or the 
anenltc Into the Iodine. Starch Is used as Indicator. 
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DiifW/rt/iopi of Anmie. If prntasTilrnt nrsmic Is present, the inctho<I is more 
liiM>Ke<I. llw Brvnlr nm*l l«e first resluenl. and gaseous mhiring agents, such 
ti» .‘‘O., rnnnnt l>r ti»r«l J»rrniMe It Is difneuU to rrmoar the exrrss of resltirlng 
agi-nt by di«tillaliort wiif»out some Ims of the x-olntllc AsCl,. ProlKiliIy the l>esi 
iiwtbml is to TTslurr tb<* BTsenic with CNijCI, In h\ilrT>chlorir arid or with l*rSO,, 
an»l In dUtll oarr the A*(1,. 

,\n »p|i£tralu« suitnlde for tlie slistillatinn of small qtianiUIrs of arsenic Is 
• ho»n In I ig. 82. Tlw cajmdlv of llw di«tIU.alion>flask should Is* at least 
frtl ml . arxl the IJierTJsonielrr lsitiis!»osild Iw set aU>ut an Inelj almse tlie surface 
of the li'jtiid. Tlie rerrhrr slwnjld rsuitaln water In which to trap the arsenic 
fldi>rtilr.afi‘l ll umst |.e rtsdnl in a mixture of ire arwl water. All ruMier sloj>j>rrs 
arxl lul-ing mt»«t le ftrr fnirn sulphur. I*maiill>’ns against "sucking Iwck *' 
wuist also taVrss. 

n»cr tl)e llmjlil containing l!»e arsenic In the flask, arvl aiM al^Jl 250 ml. 
of roncrtitratrtj b)ilnr|i]«t{r aefil amt 5 irrm. of r«Jpn>us eJdoride. Dlilll until 
alioiit XU* ml. of Il-juld fiase l-m rs»llrrle<l. or imiil llie Iheruvimetrr 
Irsilx-atrs a lrnij»falure s-f lOs' It |s atwa«-s ads iesMe to add a furtlier 50 ml. 
f f l.ssto<lilrTle arid arvl a furtlwr ft gmi. of sojptsrtii chloride, and to repeat tlw 
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distiJlation, collecting the second distillate in a fresh receiver. Meanwhile the 
arsenic in ^e first distillate 4na7 be titrated. The second distillation is essential 
if tnore than abont 10 mgrm. of arsenic were present originally. Before titrating 
the distillate with iodine, add sodium hydroxide until it is just alkaline, then 
dilute hydr^hloric acid until it is just add, and then 20 ml. of a saturated solution 
of sodium bicarbonate. 

IVhen large quantities of arsenic are to be separated from other metals, the 
distillation must be conducted either in a stream of hj'drochloric add gas or 
in a mixture of that gas and sulphur dioxide. For details, consult speaalised 
text*books (p. 518). 

By distillation, AsCl| (B.P. 180* C.) can be separated from the less volatile 
SbCI, {B.P. 223* C.) and SnO, (B.P. 620* a), but not from SnCl^ (B.P. 114* C.). 

After the determination of the trivalent metal by iodine, it is often more 
convenient, in the absence of antimony and tin, to determine the total arseiuc 
in a fresh sample either gra\*imetrically as As^S^ after reduction by SO, (p. 07), 
or as MgtA3,0, after oxidation by H,0, (p. 70), A volumetric method for 
pentavalent arsenic is given on p. 258, and other methods for the trivalent 
element on pp. 181 and 182. 

Determination of Antimony by Iodine 

The determination of antimony by iodine is very similar to that of arsenic. 
The same limitations apply, but, in addition, antimony is usually insoluble in 
nearly neutral solutions. The presence of a tartrate is essential to prevent the 
predpitation of the metal. 

Sb,0, + 21, + 2H,0 e Sb,0, + 4HI. 

For practice, weigh out accurately about 2 grm. of anhydrous tartar emetic, 
K(SbO)CiH,Ot, dissolve in water, and dilute the solution to 250 ml. Transfer 
50 ml. of this solution to a conical flask, and add an equal volume of a cold, 
saturated solution of NoIICO, free from Na,CO,. Now pour in a few drops of 
starch solution, and add the iodine solution from a burette until a faint blue 
' colour just appears. The blue colour will disappear when the liquid is stirred, 
and more iodme solution must be added until the faint blue tint persists. 

In general, to a solution of the antJmonious salt add tartaric add in slight 
excess, and nearly neutralise with sodium hydroxide. Add the necessary volume 
of the saturated solution of sodium bicarbonate and carry out the above titration. 

^Vhen pcntaccknl antimony is present, prepare a solution in very concentrated 
hydrochloric acid. Place this solution in a large flask and reduce the antimony 
by adding a few millilitres of a saturated solution of sodium sulphite from time 
to time. Boil vigorously to expel all sulphur dioxide, add a drop of phenolph-. 
thalein and run in potassium hydroxide solution until the red colour is produced. 
Add first a small excess of tartaric add, then the so^um bicarbonate, and proceed 
as before. 

Determination of Hydrogen Sulphide in Aqueous Solution by means of 
Standard Iodine Solution 

^Vhen a suQlciently dilute solution of hydrogen sulphide is brought into 
contact with free iodute, the following reaction tn^es place ; 

H,S + I, *= 2in + S. 

Tlius 253-8 grm. of iodine react with 34-08 grm. of H,S. 

If the solution, in which the H,S is to be determined, contains more than 
0-04 per cent, by weight of the gas, the change may not occur entirely according 
to the above equation. A solution of this concentration is 0-02 normal. 

First dilute the hydrogen sulphide solution, if necessary, with recently 
prepared air-iVee water until it contains not more than 0 M per cent, of the 
gas, and add rapidly o measured volume of the diluted solution to a known 
volume of a standard iodine solution, which must be in excess of the H,S, and 
which must be feebly acidic. Then determine this excess with sodium 
thiosulphate, using starch os in^cator. It is convenient to use 0-1 N. but not 
stronger standard solutions, although reliable results may be obtained If they are 
centinomml. 

Although the H,S solution can be titrated directly with iodine, the method 
recommended above is the better. A direct titration tends to give low results, 
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became of olmosphcric oxidation, partis Io<5 of H,S by evaporation, and aide- 
reactions. 

Determination of Sulphur Dioxide, in Solution or in Combination, by 
Iodine and Thiosulphate 

Determination ol Salrbnront Add. If « «>t:Hlon of sulphur dioxide pai li 
mixed srltb an excess of a stAndard Iodine solution, the fottosslng reaction takes 
place : 

SO| + I, + 211*0 - IIjSO* + 2UI. 

It foIIoTTs from the equation Hint 253 8 grm. of iodine correspond with CI-OC crm. 
of sulphur dioxide. 


, ■ . , ■ , . • ' ■ • f 

the iodine solution. If n cnnsidernhle t*o!ume of the solution of sulphur dioxide 
Is ovnllablc, It may !« storc«l os sliown In Fig. 78, p, 133. 

Ascertain hy a preliminary trial In wliat proportions the solution of sulphur 
dioxide must be mlxcHl with the Iodine so as to leave the latter in \*ery slight 
excess. Tlien Introduce the requimi quantity of the standard iodine into a 
large flask nnd aiht water until the solution Is very dilute. Acidify wit!> a snuitl 
quantity of dilute sulphuric or hydrochloric add, nnd run in tne sulphurous 
ndd. slowiv sn<l with constant stirring. Titmte the small excess of locline with 
sodium Ihlosuljpluite solution, using starch ns Indicator. Note tint the SO, 
solution must l,r ndded to the lo<linc solution ; If io<ljne U ndded to the SO,, 
rraetlons other than tint expmscsl by the ntiove equation take place. 

Determination of SO, in Sulphite. Wrlgh the flnr|yp<)wclcml, solid sulptiite 


such as entrium sulplille, is l»eing nnaly»c«l. Dclermltie Uic excess of iodine by 
means of standard tliiosulpluite solution and starrh. Itepent, using only a small 
excess of the dccinormal lo«line solution, an«l titrate this excess as before. 

Determination of Formaldchide by meant of Standard Iodine and 
Sodium Thlofulphate Solution! 

Tlie solution, known commetrl-illy as ** formalin.’* contains about 40 per cent, 
of formaldehjsle. rormaldrhjale may be dclermlnerl by oxidising It to formic 
ftd<l by means of imline In nikntine solution. 

ii-aio + ir,o + 1, - 2111 + ircooii. 

It will l»c seen tLat eaeli molecule of free lo«llnc corresponds with one molenile of 
formaMehjnlr. Note tlial the oxidation will riot take place In acid solution. 

For tl>e determination, dilute 5 ml. of the formalin to 200 ml. Introfliice 
10 ml. of this approximately 1 per cent, solution of fnrmaMehjxlc Into a conical 
lU^k and ndd 100 ml. of decinormal loiline solution. At once add sodium 
Imlroxide wduthm, drop tiv drop, until tlie colour of the liquirl l>ecomes bright 
yxllnw. A common rm»r to add Iwrc an Imuflldrril quantity of the sodium 
Intlroxlde. Allow the reaction to proeee«l for at lea«t ten minutes, addify with 
dilute hsslroehloHc acid, am! titrate the iilierate«l lo«lIne with dednorm.sl smlitim 
lhk«u1f'lvate solution. Faeh millilitre of dednormal ioillne solution, which lias 
lieen uwxl to oxidise the formaMcbyile. r<irrr»|>on»ls wjtli 0^25 grm. of tfiat 
tompourvl. 

DSn or STAKDAIID SODIUM TmOSULPDATE SOLUTION Wmi 
POTASSIUM IODIDE 

Many tixldidng agents have the p'mer of Ulwratlng an cquix-nlcnt 
quantity of l<*llne from n solution of potaxdum Ifxlidc. Tlius free chlorine 
rrarls wii!> pot.xs»ium IMidr sohitlon In the following manner : 

n, -1.2KI 2'Kn o- 1,. 
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r As the iodine can easily be determined with standard sodium 
tliiosulphate, the reaction is frequently adapted for use in volumetric 
analysis. As an example, the standardisation of a solution of sodium 
thiosulphate against the iodine liberated from an excess of potassium 
iodide by a known weight of potassium iodate or of potassium 
permanganate, in the presence of acid, has already been described (pp. 129 
and 140). 

Certain oxidising agents wU not react quantitatively with potassium 
iodide, but they wll attack hydrochloric acid with the liberation of an 
equivalent quantity of chlorine. This, in turn, may be made to react 
with a solution of potassium iodide, and the liberated iodide may be 
titrated. • By means such as this, the appb'cations of the method can be 
greatly extended. As an example, consider the determination of manganese 
dioxide by the following chain of reactions : 

MnO, + 4HCI = Cl, + MnCJ, -f 2H,0. . 

Cl, 4- 2KI = 2KC1 + I,. 

I, + 2 Na,S ,03 = 2 NaI -f Na,S,0,. 

Wiencc 

JInO, s Cl, s I, s 2Na,S,0,. 


Determination of Chlorine in Aqueous Solution 
Mix a measured quantity of a dilute solution of chlorine with a solution 
of potassium iodide in excess (Note). Then determine the amount of iodine 
liberated, by titration with standard sodium thiosulphate solution ; 
35'4Q grm. of chlorine liberate 12G*0 grm. of iodine. 

Note. The most satisfac" • « , *. ••?••... , 

in excess is to mix tlie ch • ’ • , • ' ' 

has been directed above. ' . ■' ' ‘ 

with the standard thiosulpi • * < ’ • ■ >. » 

nith the thiosulphate, tdt d • • . • • * ■ i • ‘ 

potassium Iodide. If the two titrations yield identical results, the potassium 
iodide solution was ori^nally present in excess. 

Evaluation of Bleaching-powder by means of KI and Thiosulphate 
Prepare the suspension of bleaching-powder as described on p. 153. 
After this liquid has been mixed by shaking, transfer 25 ml. of it to a 
250-mI. flask, add on excess of potassium iodide solution, and acidify the 
liquid with dilute acetic acid. Then determine the amount of iodine 
which has been liberated, by me.'ins of sodium thiosulphate solution, using 
starch as indicator. 

The amount of “ available chlorine ” present in the bleaching-powder 
is chemically equivalent to the iodine liberated. 



• of the 
is not 


Ofher Melbods for "available chlorine** in bleachinc-powder ore described 
on pp. 152 and 184. 
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Dctcnnination of Bromine and Phenol in Aqueous Solution 

The hnimlnc Rolution i<i clihitnl, if ncccs^irj’, nnd Is ndtlrtl to nn cNcess of 
|v>tnsshirn io<li«lr solution. The iiMlinr, wlifch is ni)cnite(l by the l)n)niine. 
Is tlicn tltmtc<l by stanibinl thiosulphate solution. 

A incthml for ilctcrminin" phenol is 1»ase«l on this re.icllon. Phenol 
reacts with bromine ns follows : 

C.lIjOH + :mr, allllr + C,II,nr,(OIl). 

The phenol is Ircntcsl with nn excess of n solution of hroinine, or, letter, 
with nn excess of n solution of {wtasslum brr»iiwle nml potassium hmmiile, 
which should eeintaln nl least aiJ times as mucli potassium bromide as 
I>otasshim hromalc. The excess of hromidc plays no part in tlic reaction 
nml does not interfere. On treating this mixture with conecntratetl 
hydroehlorie ncid, the hrt)matc is quantitatively destrt>yc<l, with lilK-mlion 
of bromine J 

KHrO, d- 5KHr H- nilCI *= OKCl + nllr, + 311,0. 

The lirominc is allownl to nnict with the phenol fur nt least half nn hour. 
The fl.isk should l>c Hhaken ocaisionally. Tlien an excess of potassium 
l‘>fU<le is added nml the lilK-rate*! iodine is titratetl with stnndanl smlium 
thiosulphate. 

Dctcrmlnalion of Aluminium and Magnesium indireclly with 
8«IIydrox)‘quinolinc (Oxinc) 

The complex cxim|>ounds of aluminium or mn;rnt^iuni vsdth 
Bdiyilroxyqulnolinc are easily decotn|M»sc«! by hydrocholorle nchl, which 
lil)en»tes the Latter : 

AUC,II,ON), + nnci « Aici, + 3C,1I,0N*. 

The hydfoxyriuinolinc is r.isily and qu.intitatl\ cly hn>minated : 

C,TI,ON u SHr, C,H,1lr,0N’ + 2nnr. 

If nn excess of hn’tnine Is Usetl, this excess m.ay l>c detennlnetl by 
I it nit ion with sodium tlduMilphatc, after the addition of i>olassium hxlide, 
nral ijsintj fdnrch ns Indientor. TIu-sr reaetiuiis are maile the Kisis of a 
inrtlHxl fur the del rrmimtion of aluminium ami magnesium. Tlierquatlom 
show that twelve ntotns of bromine are rfjulvnU-nl to one alum of 
nhimiriium. Inn simil ir vs-ay it may l*r jihovrn that ci{;ht atoms of bromine 
are equlvalrnl to one atom of in.'ttnveshim. 

Prrripitatr the aluminluin or the mapne'lum by the melhrxls deserilKsl 
on pp. fiS and 77, rrsjirctlvrly, Gdlecl the prrripilale, prrfrndily Jn a 
csnrw.graile, sjnteml-cl iss cnicihlr. and wash It thun>U{:hly with hot 
nmmunisnd vralrr to t riil of all trarrs of iineumbiiirsl nxine. Dissolve 
tlir aluminium precipitate In w'.irni, ninerntnlrd hNxln>rhluric ncid ; the 
nnjnrsitjm In euncrntntrsl acid, dilutrvl with four times it own volume of 
vralrr. rruiii this jx>int, the pniersltirr is the sanir fur liutli inrlals. 

Titrate Ihr slowly with stnndinl hmiinle.hrutnitle mixture 

of appn»xirnvtr|y dreinormsl cuncrntmtlon with rrs|«ret to the bruimtc, 
tniViti;; r-rtain tint tlir wrishi of |xtt.ts\ium lirornidr present in Ihl* 
•nlxlurr 1% nt I-.x*t four times ttist of the bn>m.str. A ilreirmnivvl ‘uhitiun 
of j*iUs»ltun Imuinteeuntains STanjjmi.of the salt j-T birr (*er r«pnijon 
Uii'hf deteniiination of p!irnol,n!iOVr). Add tin bromntr In sli;;!it rxrvs*. 
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As the colourof the bruminc is tliOicuIt to detect, it is best to toke out a 
drop of the solution from time to time and to see Tvhether this drop will 
set iodine free on filter»paper which has been damped >vith a mixture of 
potassium iodide and starch solution. When free bromine is present, 
dilute with 20 per cent. Iiydrocliloric acid, odd a few millilitres of 10 per 
cent, potassium iodide solution and titrate the liberated iodine with a 
standard, approximately decinormal sodium thiosulpliate solution, using 
starch as indicator. 

Note, niethyl orange has been used as an indicator for this titration since it is 
rapidly decolorised by the slightest excess of bromine. Since, however, decolorisa* 
tion may in certain cases occur before the equivalence point is reached, 2 to 8 
drops of a 0-1 per cent, solution of fluorescein in very dilute NaOH solution are 
preferable. The colour turns from greenish-yellow to reddish-brown at the end- 
point by reason of the formation of eosin by the action of the bromine on the 
fluorescein, which incidentally, also behaves ns a fluorescent indicator (p. 268} in 
this reaction. 

The use of bromatc solutions containing up to 10 grm. of potassium 
bromate per litre is reasonable, but in no case should more than 20 mg. 
of aluminium or magnesium be precipitated. 


The Method ol Calculation is iltustrated by the follovins example : 

In a determination of the percentage of aluminium in a sample of potash 
alum, the aluminium in 0 0704 grm. of the alum was precipitated with “oxine." 
The compound was isolated, dissolved in hydroclfloric acid, and 28-0 ml. (excess} 
of bromate-bromide mixture containing 2*780 grm. of potassium bromate per 
litre were added to the solution. A volume of 8*7 ml. or a sodium thiosulphate 
solution was found to be equivalent to the excess of bromine, and 20*7 ml. of the 
thiosulphate were required to titrate the Iodine set free from potassium iodide by 
28 ml. of the bromate mixture. 


^V]1encc 


Oxidising Agents. Reducing Agents. 

25 ml. of bromate s 26*7 ml. of NasSjOj. 

23*0 ml. of bromate s 8*7 ml. of N 0 jS»O, 

oluminlum-“ oxine.*’ 


a-7 ml, of No.S.O, B — 

s 8*4G ml. of bromate. 


Therefore the aluminium is equivalent to the bromate in 
(23 0 — O-iti) Bs 10*54 ml. of bromate, 
10*54 X 2*730 

or to — — grm. of bromate. 


Therefore 

10 54 X 2 730 


2iairOj s ]2Dr s AI. • 
2 X 167 0 26 07 


grm. of KBtO, is equivalent to 


20*07 X 10*54 X 2*780 


The percentage of aluminium Is 


0 00431 grm. of aluminium. 
0 00431 X 100 


1000 X 2 X 107*0 


Determination of Barium, Lead and Sulphate by KI and 
Thiosulphate 

The metals are precipitated ns chromates, which are dissolved in o 
siiiloblc solvent. Tlie chromic acid produced is allowed to react with 
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an cxci's^ of iodide, nnd the free io<line »■> tilrntwl with Rtnndnnl 

hcxlium thiosulphate solution. 

A sulphate l9 determined by nddln;; nn excess of n solution of iKirluin 
chromate in Ijydrochloric ncld. Barium stilphatc Is precipllatctl, nnd 
the solution svill conLain the excess of barium chromate together with 
the chromate of the metal orl;’lnany present ns sulphate : 

KrSO* + (1 + ar)naCr 0 ,-^K,Cr 04 + BaSOj + ^BaCrO,. 

The barium chromate Is precipitates! by the addition of nmmonia, nnd 
the chromate left In solution will Iw crjulsTilcnt to the sulphate oripinally 
present. The precipitate Is remowt nnd the (lltntte, nflcr ncidification, 
U treated with nn excess of ]wtnss'mm jo<lide, and the free iotline is 

dctennlne«l. 

SO, t3 CrO^ ca 1-5 O tnfll C3 nN*n,S,0,. . 

Barium. The solution for nnntysis h!»o«h! cs>nt,ain nlnnit 0.1 of 
the metal nn»l should have n volume of niKjiit 50 ml. A<hl tolllOml.ofn 
.10 |>er cent, solution of ammonium ncctntc Inn SOO-tul. lK*akrr. rreeipitntc 
the Ijariitrn by nddin;* 1.5 ml. of n concentmtfsl solution of {)otnssium 
dichromalc (100 fjnu. i»er litre) to Ihc IjoillnR liciuid. Continue to l»nil for 
nl least n minute nfler the addition of flic prrcli*ltnnt. Fdtcr tlsrouRh n 
Gooeh crucible, nnd srusb the precipitate nnd the Ijenker wlllj hot wntcr. 
Iyx)scn the precipitate In the cniclblc nnd transfer prcclpltnte, nsl*cstos 
nnrl crucible, to the orlsiaal Itcnkcr. Dljtest In the cold with 100 ml. of 
23 jxrr cent. hy<lrochlorlc ncld. Dilute to 200 ml. Add 0 prm. of Kf, 
iiinl tltmlc, after ten minutes, with thiosulphate. When nenr the end* 
point, nild starch nnd continue to run In the thiosulphate until the blue 
colour is faint. Then ndd 10 ml. ofconeentrnlctl bydfoehloric ncld, heal 
to 40* C., nnd finish the titration. 

Lead. Tlie lead chromate Is precipitates! either ns dircctetl on p. 74 or 
n» in Mctho<l 1,, p. ISt. 0»Urct nnd stash on niter-jvapcr. Dissolve the 
pfTcIj'ilnte In n !w>lut Ion made !iy nddinc 00 ml. of 50 j>cr cent, hydrochloric 
arid fn 100 ml. of n satumlrtl solution <»r smlitim chloride. Wnsh the 
p-HKr first stIHi nt Inist 50 ml. of this Mdullon, then with cobl sratrr. 
Add 2 urm. of jMtas'lum fwlldc, nnd tftmlr nt iinec with WKliiirn thio* 
»ul[>hn!r, ncMini* starch sthrii near the eiid-!»oint. 

This method Is iinrrllahlc »mlc**s the sntUum thiosulphate has l)ecn 
sl.andanlisr«l a^lnst a Lnonn srrlpli! of lend by tljc name procetlure. 

Sulphate. Tirst prri»are n solution of Iwriutn rhmmatc ns follows: 
Wrljli o!il nreumtely etjulswlrnt qtwntUIrs of purr Inritim chlorMe 
nnd pTirr jmtasilufn chm!ii.ilc {say, l-*22cnii.rifllaCI, .211,0 nnd 0 07 prm. 
of ICjCK),), nn«l dissnhr them sciunlely In hot s»7itrr. Mix the tan 
solulintis. Wft*h the rr^ultlnp |»rrelpHatr rT|>ratrt!Iy svith hot water by 
«lernntatl'>n. Ad'l nliout 1 litre of water nrul PO ml. of r<»nefntrate<! 
hj-ilroehl irir nri.l, In tint onirr, nnd shake until the pfreijillnle has 
dU^dVfd. TIjc whole of tlds sntution will thru Iw r<|ul\alrrit to ol*iut 
0 5 prm of solplmrle neJd. Tlie solution drtrrlonilrs on kreplii". 

Tlje solution for »|i<tild not c*.n!rtln more than 20 mUtiinainuves 

of the SO, ratll.-al. \rulmH*r It, If neeesorN , lira! It to nnd ndd 
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the barium chromate solution in slight excess. After boiling for at least 
five minutes longer, precipitate the excess of barium chromate by the* 
careful addition of ammonia in slight excess, until a pale yellow colour 
just appears in the liquid. Cool, and malce up to 500 ml. Filter through 
a dry paper into a measuring-cylinder. Collect 250 ml., transfer the liquid 
to a conical flask, and add 2 grm. of KI and 5 ml. of concentrated hydro- 
chloric acid. Close the neck of the flask with a cork. After fifteen minutes, 
titrate with 'standard and approximately 0 05 N. sodium thiosulphate 
solution. 

This method is more rapid than the gravimetric determination of . 
sulphate as barium sulphate, but the results are not nearly so reliable. 


Beozidine Method. The reaction of the soluble benzidine hydrochloride with 
a soluble sulphate to form the insoluble benzidine sulpliate provides a more 
accurate though' somewhat less rapid volumetric method. 

The reagent is prepared by grinding 0*7 grm. of benzidine with 20 ml. of water 

ani’ ' f , . ■ 1 '•• • . I ’*• . » »'■ • -SI’. ’ . <• 

it* -■ ■ • • . • •■p, . 

fro ■ ■ ' ‘ . 

sin • • 

we . ■ ‘ 

— • ' Iphate to benzidine and sulphuric 

• N ■ I J. tvith phenolphthalejn as indicator, 
• • • • Then 1 ml. of 0*1 N. NaOH s 


unone both produce a rea-orown 
colour with a barium salt, and they may' therefore, be usm to indicate the end- 
point of the titration of a sulphate with such a reagent. However, for reasons 
indicated on p. GO the reaction is not really stiltable for a direct titration, and 
1 •“* • ” •’* <• V Clj solution 

■ S I. •••», •< *1 confined to 

■ ■ ' • * ■ where the 


Determination of Manganese Dioxide by means of KI and Thiosulphate 

The manganese dioxide is heated with an excess of concentrated 
hydrochloric acid, and chlorine equivalent to the “ available ” oxygen 
in the dioxide is evolved. This gas is passed into an excess of potassium 
iodide solution, and the iodine which is set free is determined by means 
of standard sodium thiosulphate. The equation on p. 170 shows that 
80-9 grm. of MnOj will liberate 70-91 grm. of chlorine, which are 
equivalent to 253-8 grm. of iodine. 

The Apparatus shown in Fig. 83, vdll be found useful for carrying out 
this determination. It is prepared ns follows : 

A small flask or bulb-tube (a),* of about GO ml. capacity, is connected 
with a tube (6) by means of a rubber joint, inside which the ends of the 
glass tubes are in contact. 

To the end of (6) is fused a narrow tube (c), which is bent as is shown 
in tlie figure, and is fitted to the bulbed U-tube (d) by means of a rubber 
bung. This apparatus ivill be found sufficient for ordinary purposes, but 
in the figure an additional plain U-tubc (e) is shown, which may be used 
as a guard-tube to prevent the escape of any chlorine or iodine. These 
U -tubes are kept cool by immersing them in cold ^vate^ contained in a 
beaker. 
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A plain, 1)cnt, Rlaiw lube, of the same diameter throushoul as the neck of 
Ihe flaAk. may replace liic tul)C8 (i) and (e). Tlie ruM>er bun^s nn<l connections 
which arc us«l In fitting up ihls apparatus •hoiili) liasc prcsiomly l>ocn frccil 
from sulphur by boiling them In a aolution of codium hjTlroxhlc for a short time. 
Kor accurate cletcmiinatlons It Is better to use on apparatus fitted throughout 
with ground-glass conncclious. 



Froccdarct Wcigli out ncainstcly n1>out 0.5 gnu. of flncIy-|K)wdcnsl 
m-auganrse dioxide into thr iLi'k (a). Il.iJf fill Ihr bulijs of the U*tiiljc (i!) 
with n solution contiiining iilKitit 3 gnu. of polnssiuni iodide. If tlic second 
U*l«il»c (e) is nlso tisctl, jumr into it sunicicnt of n more dilute |>otn^sitnn 
icNjide solution to fill the Itcn'l. Ascrrl.ain Hint the npp.initus is nir-tight, 
luid then ndd nlKXit *J0 ml. of conecntnitcsl liydnichlorie uriil to the dioxide 
in tlie disk. 

It will Iw fipund ctmsxnicnl to Intnxluec n small piece of iiugncsite 
scllh the manganese oxide. On Itir nddition of the arid, n rrguhr 
stream of carlmn tlioxldr ssiM linn flow timjugh the U'luU-s svjth tlie 
chhirioe, and this stHI dilute thr rtdorinc nnd nllow the ninoqitiun to 
pnicctsl more smoothly. II«*al tlic fl.»'k gently over n Miiall n.une, nn<!, 
ns soon ns the manguirse dioxide has c«»mjdctely di'^olxetl, Niil the ncid 
until all the cliloriiie has l«ecti rxjwlled. 

A* Mt>in ns all the ihlnrine has jassei! Into the abwiqdion tul*es, 
j»»ur tail the eontrnts of the U'tnlx^ tlmmgh a fiiniKl inlo n g5n-ml. 
mmsuring-n.isk. Itinse »iut the lul'cs, using a Milmlmi of |K)t.issiinn 
l■•did^ if Ndid l<*»line lets l>rcn drji»>sl|e<l In them, nnd n«M lhr-»e rinsings 
to the miitents of the llssk. Make up the H<|uid to tlie mark, mix it 
wfll, and titrate 50 ml, of it ssith stathlanl M»liiJni lhi*»su!plntr M>hitl<pn 
In the presence «if stanh. Tlie weight of hMlinr thus found is a mr.nsurc 
of the rhl irine which lias l>rcn hijcratetl hy the nuingmcw dinxitle. 
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Determination of Lead Dioxide and Red Lead by means of 
KI and Thiosulphate 

These substances react directly mth hydrochloric acid under suitable 
conditions and therefore distillation with hydrochloric acid, ns in the case 
of manganese dioxide, is unnecessary : 

PbO, + 4III = Pblj + 2HjO + I, 

Pb304 + SHI = 3PhI, + 4HaO + Ig. 

Before titrating the iodine with thiosulphate, a clear solution must be 
obtained. -This is accomplished by the addition of a sufficient quantity 
of sodium acetate and by the use of a comparatively small quantity of 
potassium iodide. The precipitation of lead iodide is thus prevented. 

Lead Dioxide. Add about 10 grm. of sodium acetate ond 0.8 to 0.5 grm. 
of the sample of lead dioxide (which must be accurately weighed) to 5 ml. 
of 5 per cent, acetic acid. Add also 1*2 grm. (±10 per cent.) of potassium 
iodide, and dilute to 25 ml. with ivater. Shake occasionally until solution 
is complete. . If there is a persistent precipitate of lead iodide, odd on 
additional 3 to 5 grm. of sodium acetate, together with a few millilitres 
of water. Without further dilution, titrate with standard sodium thio- 
sulphate solution, using starch as indicator. 

Sometimes the sample of lead dioxide is granular and will not react 
completely with hydriodic acid, even when it is finely ground and after 
being allowed to stand in contact with the reagents for a long time. In 
this case, use the method described on p. 25D. 

Red Lead. The general method is the same as for lead dioxide (see 
obove). Take about 1 grm. of the sample, but double quantities of sodium 
acetate and potassium iodide, in 20 ml. of 25 per cent, acetic acid. .Mlien 
solution is complete, dilute to 50 ml. ^vith water, adding a further 5 grm. 
of sodium acetate, or sufBcicnt additional sodium acetate to keep the 
lend iodide in solution. Titrate as before. 

Determination of Chlorates, Bromates and lodates with KI and 
Thiosulphate 

These radicals react with potassium iodide in the presence of dilute 
hydrochloric acid as follows : 

HCIO, + OKI + 5HCI = OKCl + 81, ± SHgO 
HBrOj ± Cia + 6HCI 6KCI + ICBr + 81, + 3HgO 
HIO, + SKI + 5HCI = 5KCI + 81, + 3H,0.' 

The first reaction is very slow, the second is sluggish and the third 
is extremely fast. The third reaction has already been discussed 
(p. 103), ond will not be described further here. 

Chlorates. Because of the slo-wness of the reaction given obove, it is 
perhaps best to distil the chlorate with concentrated hydrochloric acid, 
using the apparatus sho^^m in Fig. 83, p. 175, ond to collect the liberated 
chlorine in a concentrated solution of potassium iodide. 

HCIO, + 6Ha = aa, + 8 H,o. 

Take 0-5 grm. of potassium chlorate, and distil it %vith concentrated 
hj'drochloric acid. Make up the solution of iodine to 250 ml. and titrate 
25 ml. with standard, approximately decinormal sodium thiosulphate 
solution. 
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Atternalk'fhj, «ligcstt!jc chlomtc with wld liydroliromic ociil. 
nc!0, + Oimr 311,0 + 3Dr, + IICI. 

Tlic bromine h then nllowc<l to react witli potassium io<li<le. Tlic«c 
reactions arc completed in ft reasonably short lime. 

Dissolve nn ftccuralcly weighed quantity of nl»o«t 1 prm. of potassium 
chlomtc In water, and make up to 500 ml. to gi\c nn approximately 
dccinormal solution. Take 25 ml. of this solution In a large stopixTcsl 
bottle, and add 1 gnu. of solid {Mtasslum bromide and 50 ml. of 
concentrated hydrochloric acid. After five minutes, add 1 prm. of 
iwtaisium Iodide, dilute considembly, and titmte with standard sodium 
thiosulphate, U'ing starch ns indtciitor. 

Bromatej. In thii ease, a dislIILatioM with hydrochloric acid is 
unncccss.arj*. If it Is carrlctl out, note that one molecule of bromalc 
produces only four atoms of chlorine. 

lIUrO;+ 5IIC1 IT- 2CI, + nn,0 + lira. 

Tlie hromlnc monochloridc Is not volatile and remains In the flask. 

llrom.itrs in snlutlon arc easily determined hy adding a consldemblc 
excess of solid |Kjtasslum Iodide and a large \-olumc of concenlratetl 
hydrochloric acid. After a few minutes and suitable dilution the lotllne 
rn.ay lie tltnile<l with BO<Uum thlo^ulpliatc In the presence of starch. Ilow- 
rscr, the reaction l*ctwecn limmlc acid and hydrlwHc acid is catalysed by 
ammonium molylxlate, and tbe presence of 2 or 3 drojis of a solution of 
this reagent enables tlic Iodine to |*e producetl almost inst.intnneously, 
even STiicn tbe concentration of hydroclilorlc add Is so low ns 20 grm. per 
litre. 

Determination of a Mlifure of lodate and Palodate 

Periodates, In the presence of h>'dmch1oric add, react wlUi potassium Iodide 
as follosTi : 

KIO, + TKI + 8nci - SKa + 41, + 411,0. 

Pcrifxlstoi can therefore be determined by the methoti dc*cril>esl for tlie 
determln.stJon of loilstes {p. IM). 

In nrutml or slightly alLaline solution, on the other luind, the reaction b t 
KIO, + 2Kl + H|0 KIO, + I, + 2KOII. 

Tills iodine must !« with n stnndsnl solution of sodium anenlte 

(pp. IRfl Bn<l 181). 

If lodstm and periodates nrr prrsrnt logeUier, b'M to a portion of tbe solution 
an excess of i*fptasslum iodide and dilute li>slrochlnric add. Titrate the Hl^eratcsl 
ioillne wltii smllum tldomlplnte soJutlon, using slarrh. Tills volume pires n 
measure of tJir total oxi<U«inp power of the •nluiion. 

Add 1 clron of plienolplitli-ilcln In n sreond jiortinn of tlic solution ami then 
rafrfully »d<( lisilroclih’rir arid «,r ualiutn hj-ifroxide os rrquim! until tlie rrtl 
rolmjr of the ]>limol{ihtInlrlfi |« ju»t apjurent. After the addition of 10 ml. 
of a rold, sstumteil solutlun of s<«lium blrarUinatr, add Iodide, and 

titmte the in>rmtn! Iculinr wUl, standarsl soallum arsmite, with st-irrli as 
Indicator. Tl*e fmsilt Is a inrasurr of ll,e quawlly of perirwlate present. 

Indirect Dctcrmlnallon of Copper In Solution b>’ means of KI and 
Tlilosulphale 

Tlie rnrtlual drjirnds on the following rmetion : 

2('n*^0, d- 4KI ^ Cu,I, + I, 

Tlir |v,ta»sium Ifwlldr Is nddrsl in excels to the wrakiy.Bcldiflrsl eopj>er 
S'^.lijlhm, the liquids are tbofinrghly miTrtl, nrnl the iodine lllwmtfsl b 
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titrated with standard sodiunr thiosulphate solution. The amount of 
iodine so found is proportional to theamount of copper which was originally 
present in solution. As a stoicluometric proportion of iodine may not be 
liberated, it is best to standardise the solution of sodium thiosulphate 
against pure copper by the method given below. Then ns an exercise 
determine, under exactly the same conditions, the percentage of copper in 
a salt such as copper ammonium sulphate, or in a brass. In the latter 
case, take portions of about 0*25 grm. of the alloy, which should contain 
not more than traces of iron. 

Standardisation of the Sodium Thiosulphate Solution. Weigh out 
accurately three or four portions, each oY about 0*15 grm., ojf pure copper 
foil. Place each separately in a conical flask and add a small quantity 
(2 or 3 ml.) of nitric acid diluted with its own volume of water. Warm gently 
until all the copper has gone into solution, and then more strongly to get 
rid of all traces of oxides of nitrogen. As nitrous acid will react with 
potassium iodide, the complete removal of all oxides of nitrogen is most 
important. Cool. Cautiously add sodium carbonate solution until there is 
a permanent precipitate of copper carbonate. Just re-dissolve by adding 
dilute acetic acid in very slight excess. It is important at this stage that 
the solution be concentrated. It may be more convenient to dissolve the 
copper carbonate In concentrated acetic acid, to re-precipitate it with a 
very dilute solution of sodium carbonate and to re-dissolve this precipitate 
in the dilute acetic acid. 

The solution is now ready for the addition of potassium iodide. Add 
the solid crystals in considerable excess. A weight of 8 grm. should be 
sufllcicnt. Allow the flask to stand for at least flve minutes, shaking it 
occasionally. Dilute to 150 to 200 ml., and titrate with sodium thiosulphate 
of approximately decinormal concentration until the colour of the Iodine 
has almost disappeared. Add starch ns indicator and complete the 
titration. Note that the cuprous iodide is not pure white in colour, but 
has a purplish tinge. In spite of this, the end-point is usually obvious, 
but if there is difllciilty in recognising it when all the iodine has been 
reduced, add 1 drop of decinormal silver nitrate towards the end of the 
titration. Silver iodide will be precipitated, and to some extent its yellow 
colour will counteract the purple colour of the cuprous iodide. If the solid 
cuprous iodide still interferes, it can be dissolved as a complex salt by the 
addition of a large excess of potassium iodide. 

The return of tlie starch-iodide colour after an apparent excess of sodium 
thiosulphate has been added will probably be due to one of three causes : 

(i.) The use of an insuflicient quantity of potassium iodide, or the 
failure to allow enough time for the cupric ion to react with the iodide. 

(ii.) The incomplete removal of all nitrous acid. 

(iii.) The presence of a weak oxidising agent, such as a ferric salt. In 
this case the solution will also probably be too acidic. 
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Tt^t for bromine with dflmpe<l, ntnifWoclide |v»j»cr. Cool. Tmmfcr to a KO-ml. 
(1a«V nnd make up to the mark. Take 25 tnl. of thU solution and odjuM the 
acidity n« dc^crilxtl al>ove. 

Tor nmimtc work. It will l>c Jtunicicnl to «t,nnd.nrrlL<c the scwlium 
thjfwttlfdiatc apaifi'^t n stand.inl Kolutinn of copj>er sulphate made up by weighinf*. 
A dcclnomwi Rolution of thw v\ll rontatm 21 V? pnn. of CuSOj,5Il/t) per btrt. 


Dctcrmlnatjon of Ferric Sails by KI and Thiosulphate 

Tlu* mrtbcHl Is brisctl on the follmTinR rcricUon : 

•JIVCI, 2KI - 2Kcri, ^ 2KCI + I,. 

The ri’.action is somewhat slow nml it is aUo reversible, ferrous chlnrhle 
Ix by t(Mline i» the presence of a larjre cpianlity of eonrentmte*! 

hyilri>rhlor|e neid. TImk* must lx* nllowctl for the reaction to take place, 
n considerable excess of |X)tnsslum iodide must lx* uscti, and the conecn* 
tratinn of hy«lnKddoric aexl must Ixr less than n(*nual, Abo, ns hydrifxh'c 
neid is most easily oxMisetl by ntmosplieric oxypen In the presence of 
ferrous Imti, the xessed in Mluch the fraction Is tnkin" place mtist Itc kept 
closetl. 

To 23 n>l. of the npproxiniately dccinormal polullon of ferric Iron for 
nnsdysls, in n Ixdlle or crmienl Ihisk, n«hl Mvlium hydroxide tmtil the 
nohit ion is nenrly neutral, ns shown !»y the failure of the alkali to precipitate 
more feme hydfoxl<le, A«ld hydrocldoric nclil, tnkinp enre to keep the 
total (sitierntnition of IhU nchl in the ndiition I>clow nnnnal, nnd n pmt, 
nf {totAssium io«lide. Close the vessel nnd allow It to stand forfivcmlmdcs. 
Tltnle with standanl podium thiosulphate In the presence of Ptateh ns 
indicator. 

.Vote 1. It Is ololous that etlier compounds which rend with hjxlrlfxlle neid 
must lie nlHfnt. Amonc tlie»e must lx* emmlcsl niUic aciil Inml nitrates) 
which will lilx-mfe loiline in tliC prrsrnee of Iron. 

Sole 2. Tlic mcthoil deseritxsl atxisc Is patlsfActnry and not unduly slow. 
Tfie time ran Ic shortcncil, howescr, by the ndditlnn of n small qtiantily V)f pure 
cuprous loilidc »usprn<lcsl in water ; this nets as n cnt.a!\*st. 

Determination of Ilydroficn Peroxide by means of KI and 
Thiosulphate 

Ilydroprn i>ero\idr. In xer>' dilute solution, reacts ssilh liydriodle nclil 
ns folloses 

11,0, d- sin rs 2IJ,0 I|. 

Take n stiUahlr rjinntity of tlir imluHon r)f hydrofjrn jxrnxlde In n 
mcnMirlnR-llask nnd <lihifc it to standnrs! \x>hime (see p. 159). Tlds 
fcohithin sh'itd-l eontnln not morr tlian S qnn. of the iierovlde jx-r litre. 
Put 100 ml. of dil'de (HI |wr rent.) Milphurir neid, 100 ml. of miter nnd 
nlx^ul 2 pnn. stf i*«ttnssium hxihir Into a stnpjwrcil Ixittle. Add 10 or 
20 ml. <'f the tx-foxiile solution. slowly nm! with constant mnsTtnent of the 
liqui.1, Stop|yr the Ixittle to prrvTnl oThhllnn of the h\dri xlic neid hv 
fttnvwphrfjf' oxsern. nnd put It aside for flsr minutes to nllnw the rraelion 
to frnrh etHfipl'-tion. Titmte the free ^■hnc with standanl so»Hum 
thkoulphstr, mins starch ns indientnr. 

.V<Cr. Tt >1 rwtln-ii! 1< prefr mt-le to tlw prrtn*n;an»te mrthfxl (p. 1 fO) In ihsl 
U li nd atTnrtel ty fcdodoe »c^nU twch as KljTcmh 
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USE OF STANPARD POTASSIUM lODATE SOLUTION 
■Wlien a solution of potassium iodate is allowed to run into a solution 
of potassium iodide acidified wth hj^rochloric acid, the iodide at first 
necessarily being in excess, the following reaction takes place : 

* 5ia + KIOj + OHCl = 6KC1 + 3H,0 + SI,. 

IVhen the concentration of hydrochloric is low, tius reaction proceeds 
until all the iodide is destroyed, the excess of iodate remaining unchanged ; 
but in the presence of mucli hydrochloric acid, the excess of iodate reacts 
with the iodine to form iodine monochloride os follows : 

21, + laOs + OHCl = 5ICI + KCl + 3H,0, 

If, then, a solution of potassium iodate is run into a solution of potassium 
iodide in the presence of a high concentration of hydrochloric acid, at 
first the iodide is oxidised to iodine with the production of the well-known 
brown colour. Later this colour diminishes, and at the end-pwint the 
solution is coloured only a pale yellow by the iodine raonochloride. The 
complete equation for the reaction, the sum of the two equations already 
set out, is j 

2ia -f laOj -h OHCl = 3IC1 -f SKCI + 3H,0. 

It will be obvious that free iodine and iodides can be determined by 
this method. Furtlicr, any reducing agent which reacts with potassium 
iodate in an acidified solution will produce hydriodic acid, and this, in 
turn, will react with more iodate to produce iodine, which will react with 
still more iodate to produce iodine monocWorlde. A reducing agent can 
therefore he determined by these successive reactions. As an example, 
consider the reactions between stannous chloride and potassium iodate. 
The successive reactions which occur are best described by writing the 
equations in the following way : 

aOSnCI, + lOKIO, 4- COHCI = SOSnCI, -f lOia + 30H,O 

2ino, + lora + 12HCI = 12KC1 + ch,o + ci, 

SiaOa + or, + 18HCI = SKCI + OHgO + 15IC1. 

By the addition of these three equations : 

30SnCI, -h ISKIO, + 90HC1 « SOSnCI, + 15KC1 -f 15IC1 + 45IH*0. 
Or, dividing by 15.: 

, 2SnCI, + KIO, + OHCl =- 2SnCJ4 I^CI + ICl + 3H,0. 

Hence, presided a large quantity of hydrochloric acid is present, two 
molectdes of stannous chloride are oxidised to stannic chloride by one 
molecule of potassium iodide. Under these conditions, therefore, a normal 
solution of potassium iodate contains one-quarter of the gramme-molecular 
w’eight of the salt per litre. 

tlier' ■ ■ ■ ! I ■ . • •• , ■ < ■ 

rcac ^ ■ *. • 

ioda' . ■ . i j 

to t’ • • ■ • . • . ' . s N S 

describedVpn p. 163. 

Detemiination of Iodides or Iodine by Potassium Iodate 
Place a suitable quantity of the substance for analysis (about 0 2 grm. 
of KI) in a well-stoppered bottle of about 250 ml. capacity, together with 
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nlxjut M ml. of walcr ami an cqttal \'Dhimr of conccnlwlcil liydrochlorio 
nciil. Add nlmut D ml. of carbon tctrocldoridc or chloroform. Uun in 
dccinormnl potassium lodatc elution (5 33 prm. of KIO, per litre) until 
the pale brosvn colour of the aqueous layer sljows that nearly nil the iodine 
has been convcrtcil to monocldoridc. Stopper the Iwllle nnd sluake it 
sigorously. Continue to ndd small volumes of the lodatc solution, shaking: 
vifjorously for each addition, until the sdolct colour of tlic carbon tetm* 
chioride layer has disaj)peared. 

K the concentmtion of Imirochloric ncid has been rcducwl bclosr 33 per 
cent, by volume by the addition of the aqueous solution of potassium 
lodatc, Rufheient ncid to raise the content to 33-50 per cent, hy s'olumc 
must Ik: nddctl to prevent the Ii 5 *ilroK*sis of the iodine monocldoridc. 

A mixture of Itklinc and Iodide can l»c nnal>*5cd, hy first titrating the 
iodine srith sodium thiosulphate, nnd then by determining the iodine plus 
io<]idc in u frcsli s:unplc srith (totassium lodatc. 

Determination of Arsenic or Antimony by Potassium lodatc 

The solution should contain nlx>ut 3-7 prm. of IrisTilcnt nrscnic or 
nntimony ikt litre. Tot practice, vrclph out nccuTntcly n\>out 1-2 gim. of 
nrscnious oxide. Dissolve this in n small quantity of n hot solution of 
so<liuni liydroxide, cool, nnd nwke up to 250 ml. Take 25 ml. of this 
solution in n glavs l>ottIc pro\idcd vritti n tlj;htly>fitting glass stopper. 
Add some 5 ml. of chloroform, nnd enough vmter and Iiydrochloric ncid 
to bring the voltimc of the aqueous solution to about 50 ml. and the 
concentmtion of the hydrochloric ncid to nbout 50 per cent, by \*olume. 

Ilun In the IcKlatc from n burette. Iodine will l>c libcmlcil at first. 
This will colour the chtomfonn nnd, to some extent, the solution, ^\^len 
all the nrscnic has been oxidiwi, the lod.ntc reacts with the iodine to give 
the monochlori<ie nnd the colour gtntlually disappears. Near the end* 
jwlnl, ndd the loilalc slowly, and slmkc the IkjIIIc vigorously.' The end* 
point is rcachnl srhen llic chloroform Is colourlps,s nnd luas remained 
colourless fur five minutes. 

SiVsCI, + KIO, + 5H,0 = 2II^s04 + KCI + ICl + IIICI. 

Determination of Copper by Potassium lodatc 

Thlocj-nnlc arid, in the prrvncc of csinccntmlcd h>‘drochloric neid, is 
oxMlsrtl hy iwtassiuin lodate to n mixture of lmlnx*j*nnlc nn<l sulphuric 
nclds. Tldi rc.sction is u^ctl fur the dctcrmlnalion of metals srhich can l>c 
preelpltatM as thiocjTinalrs fnnn solution (p. 01); copjxr, ns 
Cu»(CNS)„ nnd rlne. as Znllp^CNS).. 

'Hie determination of copj>er Is dcscrn»r«l liclovr. 

2Cu,(CNS), + 7KIO, + 141ICI - 4CwSO, + •HICN d- 7ICI .)• 7Ka 
+ 511,0. 

Al»oiit 002 pnii. of copiMT is n weight mltahle for tUnition with 
jmtassiijtn Ifslste sohuion containing 5 prm. of the salt jw-r litre. 

l’rri«re A »uit.*»Me solution of es>f>per or copper sulpti-ntr, making sure 
that no otHlting agent Is I'frwnt. I*rrclpll.ate tl»e copper in an aliquot 
|K.rtion of this solution ns ttdocynnalc, Mi<ming the Inslrurtions plwn on 
p. ri. IMler the prrcJpil.str after ten inlnutrs through iirdinarj' filter* 
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paper, and ^rash the precipitate free of all excess of the thiocyanate 
reagent. 

Transfer the filter-paper with the precipitate to a bottle fitted with 
a glass stopper. Remove any traces- of precipitate left in the vessel used 
for the precipitation by wiping it round with a small piece of dry filter- 
paper, which is also put into the bottle. Add about 5 ml. of chloroform, 
and enough water and liydroehlorie acid to make the volume about SO ml. 
and the acid content about 50 per cent, by volume (p.181 ). Titrate with 
standard potassium iodate as described on p. 180. If more convenient, 
two or three times as much copper may be taken, in which case, titrate 
Avith a more concentrated solution of potassium iodate. 


Determination of Thiocyanates, Sulphates, Thiosulphates and i 
Tetrathionates by Potassium Iodate 

The iodine monochloride metliod for cuprous thiocyanate may be adapted to 
any thiocyanate. The equation for the oxidation of potassium thiocyanate is : 

2KCNS -h 3inO, -f- 4HC1 « SICl -f 2K,S0* + KCl +’ 2IICN + H,0. 

Thlosulpliates and tetrathionates also react quantitatively with potassium 
Iodate, provided that the standard procedure, namely, addition of 5 ml. of 
chloroform as Indicator, presence of S3 to 50 per cent, by volume of concentrated 
hydrochlorio acid, and vigorous shaking when near the end-point, is adopted. 


Na,StO, + SKIO, -f. 2HC1 = Na.SO, + K,SO, -f- 2ICI + H,0 
2Na,S40, + 7KIO, + 7HC1 2Na,S04 + KjSO* + 5KIISO, + 71CJ + H,0. 

Note. Considerations of space prevent other examples of this excellent method 

from beinff given. The method ' ' 

certain oxidising agents, notably 
to react with potassium Iodide 
Iodate. For details and for fbr 
(Lang's method) coruult Sutton's 


USE OF FOTASSIUU BBOQIATE SOLUTION 

Determination of Arsenic, Antimony and Tin 

When an acidified solution containing tri\-alent arsenic or aqtimony, 
or divalent tin, is treated with n solution of potassium bromate, the 
bromate is partially reduced to bromide, the bromic and hydrobromic 
acids react to produce bromine, and this bromine at first oxidises the 
metal. When all the metal has been oxidised, free bromine appears. 
This marks the end-point, but, os the colour of the bromine is not intense, 
the end-point is difiicult to see. This is overcome by adding an organic 
dyestuff (e.g., methyl oronge or methyl red). This dyestuff is oxidised and 
its intense colour is destroyed by the bromine, but only after the metal 
has beenvcompletcly oxidised. 

This method, details of which are given below, is highly recommended 
for arsenic, ontimony and tin in ores and alloys. 

Arse^C or Antimony. Prepare a decinormal solution of potassium 
bromate by dissolving 2-783 grm. of the salt (which should have been 
dried C.) in water and diluting to 1 litre. This solution should 

be standardised against a known weight of the metal to be determined. 
Thus, trivalent antimony Is oxidised ns follows : 

OSbjO, + 2KBrOj + 2HC1 = SSbjOj + 2KC1 + 2 HBr. 
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Di««ol\-c nn nccurntcly*wcisl»c<l quantity of niwut 0 2 pnn. of finely- 
powjjcrwl antimony in 20 ml. of concentrated hydrochloric acid to 
which a few drops of bromine lm*c liccn ndrlw!. U<c a covercrl lx?akcr 
and warm the liquid, shnkinj’ It occasionally. ^Vhcn the metal has 
dissolvctl, remove the excess of bromine by csiiporation, cool, and add 
cautiously nlHiiil 1 frrm. of s/ylium sulphite to reelucc the antimony. 
Itemovc the excess of SO, by es'aporation. To do this, the volume of the 
liqtiid must Ik; re<lucc<l by nliout one-half, and if any arsenic happens to 
Ik* present it srilL neccsvarily I>c lost by volatilisation ns chloride. Wash 
donrn the cover and the sides of the Itcnkcr with hot water. Add that 
volume of conccntmtr<l hydrocldoric acid which is equal to onc-qu.nrter 
of the volume of the liquid already present, heat to 80® C., and run in 
fillKhtly less than the ealculalctl quantity of hromntc. Add 3 drops of 
methyl oran;*c and conllnnc to run in the hromatc, slosvly, with continual 
shaking, until the colour of the dye disappears. Wait one minute, and 
then add another drop of indicator to make quite sure that the end-point 
has iK-cn renehctl. 

TIic iwrcentnfjc of antimony in an alloy, after the removal of Intcrfcrinp 
elements, ran !« dctermlntxl liy exactly the R.arne proces.s ; w> also can the 
quantity of antimony in a solution. In the l.itter ease, reduction sritli SO, 
may not l>e necessary. 

Tlie titration of tri%*nlcnt arsenic follows the same lines ns the antimony 
titration, although, for arvnic, the concentration of ljydn>chloric arid 
nee<l not l>c wi high. 

Tin. Mrlliotl 1. I'hcc the solution, ssldeh shotdd contain 0.15 to 
0 2 pm. of tin and shouM l«e faintly acid sriih hytlmchloric acid, in a 
200.rtd. ntnical flask. This flask «linidd l>o fillctl with a Hunsen \ad\c 
(p. 112). To the <sil<l solution add nlKmt fi-lS grm. of nluminitim wire, 
srhich >houM ha\c lK*en cut into short Icnphs. ^Vhen all the tin has 
Iktu fircnplf.afc*!, add f>0 ml. of M iht cent. ImlrrK'hlciric acid and heat 
gently untd all the tin hasdivvolsitl. Slip off the nibWr r:»p of the Ihinscn 
S7ds'e and connect the glass ttdw at once to n Kipp apparatus which is 
jinxluelng CO,. C<xd in nn ntiiuKplirrr of r:trlK>n ili<^xiiic. Titrate srith 
declnonnal |>ot:isstum Imunatc solution, using inethj 1 onmge ns indu*atnr. 
.nSnCl, -f KIIK), -h OTICI n<nCl, x KHr -f :!ll,0. 

2. As in the first inrtlio«l, prscipUntc the tin with aluminium 
wire and thru tUssolse it in liydrochlorie acid. A 'OO-ml. fiisk svilh a 
namd l*'>llom should l*c usnl for Ilirsr o|>rmtlons. The 11 »'k shotd<l l>e 
lightly stnpjKTtsl STitli II niblicf Imiig, llirough sshieh piss the sirm of 
a fcrpamting-fmuirl and a xemnd !id»c fittctl with a slo}>.<s«'k and with 
a Ihinsru salve, lleforr d|ss<i!\ing llw pnripil.itrd tin In lisdrochloric 
arid, it I* Wfll to add a pirrr of mngnrsitr to ensure tint all air will Iw 
Ttmosnl from thr tlisk. Whrn the tin and ungrirsiir hasT dissoKnl and 
it i* jodgnl s.'ifr to d<» >«», close llir sl»»p-rs>ek of llir second tulK* and rtxd 
thr n.ssV.. pirtiil s.snmm *houM I-* |•ns^bI^e^l. 

I’htr in thr wjxirallng-furinrl it solution containing a known solunic 
of drrinonna! lrn»nnlr. In quantiiy more than suffirirnt to 

o\idivr thr |ln ; ptvl |><>tassium bnmldr in coiisidrrablr csrrss »»\rr the 
rrsMtul bromatr (0 3 to l gnn. of Kllr). Tlds solution shouM not contain 
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paper, and wash^the precipitate free of all excess of the thiocyanate 
reagent. 

Transfer the filter-paper irith the precipitate to a bottle fitted with 
a glass stopper. Remove any traces of precipitate left in the vessel used 
for the precipitation by ^7iping it round with a small piece of dry filter- 
paper, which is also put into the bottle. Add about S ml. of chloroform, 
and enough water and hydrochloric acid to make the volume about 50 ml. 
and the acid content about 60 per cent, by volume (p.I81 ). Titrate with 
standard potassium iodate as described on p. 180. If more convenient, 
two or three times as much copper may be taken, in which case, titrate 
with a more concentrated solution of potassium iodate. 

Determination of Thiocyanates, Sulphates, Thiosulphates and > 
Tefrathlonates by Potassium Iodate 

The iodine monochloride method for cuprous thlocy’anate may be adapted to 
any thiocyanate. The equation for the oxidation of potassium thiocyanate is : 

2KCNS + 3KIOj + 4HC1 *= SICI + gK^SO, + KCl +'2IICN + H,0. 

Thiosulphates and tclrathionates also react quantitatively ^rith potassium 
iodate, provided that the standard procedure, namely, addition of S ml. of 
chloroform as indicator, presence of 33 to 50 per cent, by volume of concentrated 
hydrochloric acid, and vigorous shaking when near the end-point, is adopted. 

Na,S,0, + 2KIO, + 2HC1 = Na^O^ -f- KjSO, + 2IC1 -|- H,0 
2Na,S*0, + 7ICIO, + 7HC1 *= 2 Na ^04 + If, SO* + SiaiSO* + 7IC1 -f H,0. 


iodate. For details and for the use of the anahgous iodine <^nide method 
(Lang's method) consult Suilon's Volumetric Analysis (12tb Edition). 

USE OF POTASSIUM BROMATE SOLUTION 
Determination of Arsenic, Antimony and Tin 

IVlien an acidified solution containing tri\’a]ent arsenic or aijtimony, 
or divalent tin, is treated with a solution of potassium bromate, the 
bromate is partially reduced to bromide, the bromic and hydrobromic 
acids react to produce bromine, and this bromine at first oxidises the 
metal. When all the metal has been oxidised, free bromine appears. 
This marks the end-point, but, as the colour of the bromine is not intense, 
the end-point is dilTlcult to see. Tliis is overcome by adding an organic 
dyestuff (e.g., methyl orange or methyl red). This dyestuff is oxidised and 
its intense colour is destroyed by the bromine, but only after the metal 
has been\compIctely oxidised. 

This njetbod, details of wluch are given below, is highly recommended 
for arsenic, antimony and tin in ores and alloys. 

Ars^C or Antimony. Prepare a decinormal solution of potassium 
bromate by dissolving 2-783 grm. of the salt (wliich should have been 
dried at^llO® C.) in water and diluting to 1 litre. This solution should 
be standardised against a kno^rn weight of the metal to be determined. 
Tlius, trivaicnt antimony is oxidised os follows : 

8Sb,0, + 2KBrO, + 2Ha = 3Sb,0, -f 2KC1 -f 2lIBr. 
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Dissolve an accurately-weighed quantity of about 0 2 grxn. of finely- 
powdered antimony in 20 ml. of concentrated hydrochloric acid to 
which a few drops of bromine have been added. Use a covered beaker 
and warm the liquid, shaking it occasionally. \Yhen the metal has 
dissolved, remove the excess of bromine by evaporation, cool, and odd 
cautiously about 1 grm. of sodium sulphite to reduce the antimony. 
Remove the excess of SOj by evaporation. To do this, the volume of the 
liquid must be reduced by about one-half, and if any arsenic happens to 
be present it will necessarily be lost by volatilisation as chloride. ‘Wash 
down the cover and the sides of the beaker with hot water. Add that 
volume of concentrated hydrochloric acid which is equal to one-quarter 
of the volume of the liquid already present, heat to 80® C., and run in 
slightly less than the calculated quantity of bromate. Add 3 drops of 
methyl orange and continue to run in the bromate, slowly, with continual 
shaking, until the colour of the dye disappears. Wait one minute, and 
then add another drop of indicator to make quite sure that the end-point 
has been reached. 

The percentage of antimony in an alloy, after the removal of interfering 
elements, can be determined by exactly the same process 5 so also can the 
quantity of antimony in a solution. In the latter case, reduction with SO* 
may not be necessary. 

The titration of trlvalenl anenic follosvs the same lines as the antimony 
titration, although, for arsenic, the concentration of hydrochloric acid 
need not be so high. 

Tin. Method 1. Place the solution, which should contain 0.16 to 
0 2 grm. of tin and should be faintly acid with hydrochloric acid, in a 
200-ml. conical flask. This flask should be fitted with a Bunsen valve 
{p. 142). To the cold solution add about O-IS grm. of aluminium wire, 
which should have been cut into short lengths. AATien nil the tin has 
been precipitated, add 50 ml. of 50 per cent, hydrochloric acid and heat 
gently until all the tin has dissolved. Slip ofi the rubber cap of the Bunsen 
valve and connect the glass tube at once to a Kipp apparatus which is 
producing COj. Cool in an atmosphere of carbon dioxide. Titrate with 
decinorraal potassium bromate solution, using methyl orange as indicator. 

3SnCJj + KlJrOa + 6HC1 = SSnCl, -f KBr + 3HgO. 

Method 2. As in the first method, precipitate the tin with aluminium 
wire and then dissolve it in hydrochloric acid. A 500-ml. flask with a 
round bottom should be used for these operations. The flask should be 
tightly stoppered with a rubber bung, through which pass the stem of 
a separating-fimncl and a second tulw fitted with a stop-cock and with 
a Bunsen valve. Before dissohing the precipitated tin in hydrochloric 
acid, it is well to add a piece of magnesite to ensure that all air will be 
removed from the flask. Wien the tin and magnesite have dissolved and 
it is judged safe to do so, close the stop-cock of the second tube and cool 
the flask. A partial vacuum should be produced. 

Place in the separating-funnel a solution containing a kno-wn volume 
of decinormal potassium bromate, in quantity more than sufficient to 
oxidise the tin ; and potassium bromide in considerable excess over the 
residual bromate ^0-5 to 1 grm. of IQIr). This solution should not contain 
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dissolved air. Open the stop-cock of the separating.funnel carefully and 
allow the bromate-bromide solution to mix with the solution of staiyious 
chloride. The tin will beu)xidiscd almost instantaneously by the liberated 
bromine, but, as the bromate was added in excess, some free bromine will 
still be present. This is determined by allowing it to react with potassium 
iodide and then titrating the liberated iodine with sodium thiosulphate, 
using starch as indicator. Transfer a solution containing about 0*5 grm. 
of potassium iodide from. the sep.arating'funnel into the flask. ^Vash 
do^vn the funnel and the neck of the flask, and carry out the titration with 
a standard solution of sodium thiosulphate. 

It is desirable to standardise the bromate solution by carrying out. a 
parallel experiment using a known weight of pure tin. 

Arsenious Oxide as a Volumetric Reagent. This reagent is of importance in 
the determination of “ available *’ chlorine In bleaching-powder, of chlorine in 
aqueous solution, and of hypochlorites generally. As the titration is carried out 
in alkaline solution, chlorates do not interfere, and therefore the method is 
superior to the iodomclric method (p. 170) for the evaluation of bleaching- 
powder. 

The standard solution of arsenious oxide is prepared as described on p. 1C7. 

The Evaltudion of Bleaching-powder^ using Arsenious Oxide. Prepare a 
suspension of the powder as described on p. 158. The indicator is pohissium 
iodide-starch paper, used externally. This is prepared by making 1 grm. of 
” soluble starch " into n cream with water, and pouring this slowly Into about 

00 znl. of boiling distilled water. Boil gently for one minute, add a solution of 

1 grm. of KI in a little water, cool and lUter. Then soak strips of filter paper in 
the solution, and hang them up to dry in an uncontaminated ntmosphere. 

Run the arsenite solution, 5, 10, 15 . . . ml. at a time, into S5 ml. of tho 
bleaching-powder suspension. After each addition, withdraw a drop on a class 
rod and place them in orderly rows on the paper. If the end-point nos not been 
reached, iodine will be liberated from the potassium iodide and this will give 
a blue stain with the starch. Having obtained a 5-mI. “ bracket,” proceed to 
moke a l-ml. ” bracket,” and then, on the tiiird titration, fmd the end-point to 
within 0 2 ml. Fmally, run into a fourth portion of the suspension that volume of 
standard arsenite solution, less 0*2 ml., which is required to reduce it completely, 
add a few drops of the potassium iodide-starch solution to the contents of the 
Qosk, and finish the titration. 

Use of CboramJne-T 

The formula for this compound, which is readily obtainable pure, is 
• CH, C,H* SO, Nb : NCJ, 8HtO. 

Its aqueous solution is reasonably stable, but it will react quantitatively with 
an acidiJQed solution of potassium iodide os follows : 

CH.C.Hi-SOjNClNa + 2Ht = CHjC.H^SOi-NH, + NaCl + I,. 


potassium iodide, in the presence of hydrocblorio ncld, end by titrating the 
liberated iodine with standard sodium thiosulphate, in the presence of stareb ; 
or by running it from a burette into a known volume of standard arsenious 
solution (p. 107), in the presence of sodium bicarbonate. In the latter case, 
if a small oystal of potassium iodide and a little starch solution arc added, the 
production of n permanent blue colour will mark the end-point. 

The determination of Tm by this reagent has already been described (p. 18J). 

Determination of Nitrites with Chloramlne-T 
Tlie solution for analysis should contain 2 to 8 grm. of sodium nitrite, or an 
equivalent quantity of other nitrites, per litre. 
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To 25 ml. of the nitrite solution add 25 ml. (excess) of an approximately 
decinormal solution of chloramine-T, followed by a few millilitres of 10 per 
cent, acetic acid. Allow two minutes for the reaction to take place. Then add 
10 per cent, potassium iodide solution and titrate with standard (approximately 
decmorraal) sodium thiosulphate, using starch as indicator. 

THtrate 25 ml. of the chloramine-T solution, under the same conditions 
with the sodium thiosulphate. The difference between the two volumes is a 
measure of the nitrite. 

NaNO, 4- Cl, + H,0 = NaNO, + 2HCI 
CH, C.Hj SOj NClNa s 2l s 2Na,S,0, s NsNO,. 

Determination of Ferrocyanldes with Chloramine-T 


water-bath to 40® C. 

Determine the excess of chloramine-T by adding 20 ml. of a cold, saturated 
solution of sodium bicarbonate, a small crystal of potassium iodide and starch, 
and by titrating with standard sodium arsenite solution. Titrate a suitable 
volume of the chToramine-T solution with the arsenite, under the same conditions. 

•2K4FeC4N, + Cl, = 2K,PeC,N. + 2KCI 
2CH, C,H 4 SO, NClNa 5 4CI a 4K4FeC,N, s As,0, 


USE OF TITANOUS CHLORIDE SOLUTION AS A REDUCING AGENT 

Titanous chloride is a reagent of great Importance for the determination 
of ferric iron and, consequently in those determinations of oxidising agents 
which involve the use of ferrous sulphate. Thus, instead of back-titrating 
the excess of ferrous iron with a standard solution of another oxidising 
agent, the weight of ferric iron produced Is determined with titanous 
chloride. 

Titanous chloride reduces ferric salts as follows : 

FeCl, 4- TiCi, = FeCI, 4- TiCl,. 

If a considerable quantity of ammonium thiocyanate is present in a 
solution of ferric chloride, that solution will be coloured a dark red. If a 
solution of titanous chloride is added the colour will fode, owing to the 
reduction of the ferric iron. Directly the titanous chloride is in excess 
all the iron is reduced, and the solution suddenly becomes almost colourless, 
Thus, ammonium thiocj'anate can be used as an indicator without this 
reagent. 

Note. This red colour is due to the presence of a complex ferric thiocyanate 
in solution. The imdhsociated salt is red ; its ions are practically colourless. 
The converse is true of most other indicators. Therefore, although the general 
rule is that small quantities of indicators should be used in a dilute solution, a 
comparatively laige and constant concentration of ammonium thiocj’anate 
should be used in a comparatively concentrated solution. 

Preparation of Titanous Chloride Solution. Titanous chloride is usually • 
sold as a solution containing about 20 per cent, of the salt by weight. 
The volumetric reagent is prepared by taking a suitable volume of the 
concentrated solution in a flask, and boiling it for a minute with twice 
its volume of concentrated hydrochloric acid. It is then diluted with 
water and placed in a storage battle (Fig. 84), which it should fill to the 
neck. 
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An atmosphere of hydrogen is maintained over the titanous chloride 
(which is easily oxidised by the ox^en of the air) by means of tlic apparatus 



Fio. 84. SronAOE Borrtc 
Fon Titanous Chloridg. 


shown at A in the diagram. This consists of 
a glass tube some 8 inches in length and at 
least 1 inch in diameter. Some sticks of pure 
zinc are placed in the tube, and the bottom 
is closed by a cork through which a hole 
about OS cm. in diameter has been bored. 
The glass tube is placed in a capacious glass 
cylinder. It is connected to the storage 
bottle, as is also the burette, in the manner 
indicated in Fig, 84. 

When the apparatus is set up and the 
bottle is filled to the neck »>vith the solution 
of titaofius chloride, hydrochloric acid dilated 
with its own volume of water is placed in the 
glass cylinder. ’iVhen the burette stop-cock 
is opened to the air, the acid passes through 
the hole in the cork and reacts with the zinc. 
■\^^len this cock is closed, the hydrogen 
produced drives the acid back into the 
cylinder, and the action ceases. Pass a slo.w 
stream of hydrogen through the apparatus 
for several minutes to drive out all the air. 
The burette is fiUed by shutting the stop-cock 
and opening the clip on the side-tube, 


Role. In some laboratories an electrolytic apparatus for the production o£L« 
hydrogen is preferred to that described above. This has the advantage that 
there is no zinc or hjtJrochloric acid to be renewed, though such reneiTals are 
neither troublesome to make nor frequently required. A description of the 
electrolytic apparatus follows : At A, Fig. 84, there is a glass tube closed tightly 
at the top by a rubber bung through which passes a platinum Avire. This wire 
is welded to the cathode which is preferably a piece of platinum foil about 
6 inches square and bent into the form of a tube. The cathode should bang 


rny_ ^ s. ^ ......i-ni inoef tube and the outer gl^s 

■ . ■ ■ ■ • • ’. • ' • connecting this apparatus with 

■ ■ • ■ ' • • . wool to return to A any of the 

, , \ \ • battery supplying a current of 

8 to 4 amps, at 12 to IG volts should be connected permanently to the electrodes. 


• can be aruwa uU quickiy wunuui air ciileiuig uuuugu A. ii u>ui.i> ij 

used up in a short time, cither the electrolytic hydrogen may not be produced 
qUickly enough or the elcctroljie will get very hot. In both cases the apparatus 
will fail. 

A normal solution of titanous chloride contains 154-3 grm. of TiCIj per 
litre. It is usual to work with solutions of either approximately 0-1 N. 
or approximately 0 02 concentration. Any calculations given in this 
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book are based on the assumption that the decinormal solution is being 
used. 

Nole, There are some reasons for pneferrring a solution of titanous sulphate 
to one of titanous chloride. The fotmet is not so easily oxidised by the oxygen 
of the atmosphere ; on the other hand, it is more easily hydrolysed and cannot 
be used in very dilute, weakly acid solutions. 

Standardisation o! Titanous Chloride Solution. In practice a solution 
of titanous chloride is rarely standardised directly, because it is used in 
such a way that a knowledge of the exact concentration in grammes per 
litre is unnecessary. An oxidising agent is allowed to react with a ferrous 
salt, and the ferric iron produced is titrated with the TiCIj. A knoivn 
volume of a standard solution of a ferric salt is then titrated ivith the 
TiCla under the same conditions as before. The ratio of the two volumes 
of TiClj is the ratio of the weights of ferric iron present in the two solutions. 
A suitable supply of a standard ferric salt is therefore necessary. 

Prepare a considerable quantity of a solution of ferric ammonium alum 
containing about 40 grm. of the salt per litre, acidified with sulphuric acid 
to prevent hydrolysis, and standardise it against pure iron, or against 
pure crystals of ferrous ammonium sulphate. Accordingly, weigii out 
about 1 grm. of pure ferrous ammonium sulphate into a 500*ml. conical 
flask. Dissolve the crystals in a small quantity of water acidified svlth a 
little hydrochloric acid. Precipitate the iron as ferrous hydroxide by 
adding ammonia. Oxidise the ferrous hydroxide by adding a pure solution 
of hydrogen peroxide. Boil for ten minutes to decompose the excess of 
the peroxide. Up to this stage, the solution must be reasonably con. 
centrated, certainly not more than 50 ml. in volume, or the destruction of 
the excess of hydrogen peroxide uill be a lengthy process. The ferric 
hydroxide catalyses this decomposition. Then dissolve the ferric hydroxide 
in hydrocliloric acid. A solution of ferric salt of accurately-known iron 
content is thus obtained. 

Cool this solution and add crater until the volume is about 100 ml. 
Add 10 ml. of a solution contaiiung 100 grm. of NHjCNS per litre from a 
pipette. Displace the air from the Qask by a stream of COg. Then titrate 
with TiClj from the burette, keeping the stream of COg running until the 
end-point has been reached. 

Take 50 ml. of the alum solution, acidify it further with hydrochloric 
acid, bring the volume to 100 ml., add 10 ml. of indicator ^nd titrate it in 
turn with the TiClj imder exactly the same conditions. 

The arbitrary solution of ferric alum has now been standardised. 

As it is almost impossible to prevent slight oxidation of the titanous 
chloride solution, its concentration will probably change slightly from 
day to day. 

Determination of Iron in an Ore by Titanous Chloride 

AVeigh out accurately about 2 grm. of the powdered ore and dissolve it 
in HCl ns described on p. 149 { make up the solution to 250 ml. Place 
25 ml. of it in a conical flask, dilute to 100 ml. with water, add 10 ml. of 
NHgCNS indicator, and titrate with the titanous chloride solution. All 
air must be displaced from the flask by carbon dioxide. 

Determine the iron value of the titanous chloride by titrating 50 ml. 
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of the standard ferric alum solution (see above) with it under the same 
conditions. -If the end«point of the first titration has been correctly 
reached, it suffices to run the ferric solution into the spent solution of 
the ore. 

From the two titrations the percentage of ferric iron present in the ore 
can be calculated. 

Take a fresh portion of 25 mh of the ore solution, Oxidise the iron with 
hydrogen peroxide (p, 187) and repeat the titration. The total iron is 
now kno\vn, and the ferrous iron can be determined by difference. 

Determination of Tin by Titanous Chloride 

The metal is dissolved in concentrated hj’drochloric acid or, if in the 
form of a salt, in some suitable solvent. An aliquot portion of the solution 
is reduced with nickel foil, as has been described on p. 165. 

The nickel foil is removed and waslied with air-free distilled water 
before the solution is cooled. Then a considerable measured excess of 
the standard ferric alum solution is added to the hot solution of tin : 

2FeCIa 4- SnCI, « 2 FeCl, + SnCl*. 

After 5 minutes, the contents of the flask are cooled, and the excess of 
iron is titrated with titanous chloride. The iron value of the latter solution 
is found by adding 50 ml. of the alum solution to the spent solution in the 
flask. The indicator is ammonium thiocyanate, and on atmosphere of 
carbon dioxide must be maintained during titrotion. 

Determination of Nitrates or Pcrsulpbates by Titanous Chloride 

A suitable weight of the salt is allowed to react with a measured excess 
of an arbitrary solution of a ferrous salt, as described on pp. 151 and 160, 
respectively. 

The solution is cooled and titrated at once with titanous chloride. 
The iron value of the titanous chloride is then found. Oxygen rai«t be 
excluded. It is advisable to make up the partially oxidised ferrotis solution - 
to a knmvn volume and to titrate an aliquot portion, because there will 
almost certainly be further oxidation of the excess of ferrous salt during 
this operation. 

It is essential to run blanks in parallel with the assays, to obtain a 
correction for any ferric iron orjginaliy present in the ferrous solution and 
for any oxidation of the ferrous salt other than by the nitrate or 
persulphate. 

Determination of Picric Acid by Titanous Chloride 

Titanous cldoride can be used in the determination of many organic 
compounds, including numerous dyestuffs. Only one such example can 
be given here. Further information should be sought in New Deduction 
Methods in Volumetric Analysis, hy Knccht and Hibbcrt. 

The determination of picric acid is based on tlie fact tliat a large excess 
of titanous chloride reduces the nitro groups to amino groups. The 
excess of the reagent is then back-titrated with a standard solut ion of ferric 
alum, using nramonium thiocyanate as indicator. 

C,irt(OH)(NO,)»+18TiCI,-M8Iia«C,H»(OH){NH,),+18TiCl4-f'0H,O. 
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■\Veigh out accurately about 1 gnn. of picric acid, dissolve it in water, 
and make up the solution to 1 litre. 

Put 50 ml. of the solution into a 500-ml. conical flask through which 
carbon dioxide is passing, through inlet and outlet tubes in the cork 
stopper. Add hydrochloric acid and 50 ml. of an approximately decinormal 
solution of titanous chloride. Boil for ten minutes. Cool. Add 10 ml. of 
ammonium thiocyanate indicator, and titrate with the standard solution 
of ferric alum. 

Find the value of the titanous chloride in terms of iron by running a 
blank exactly as above, the picric acid being absent. 

Determination of Titanium 

The titanium is reduced to the trivalent condition by passing an acidified 
solution of the clement over zinc contained in a Jones reductor. The 
titanous salt passes into an excess of a solution of ferric alum, and this 
excess is back-titrated with titanous chloride solution ; or the ferrous 
iron produced in the reaction is titrated with standard potassium 
permanganate. The former method possesses the great advantage that 
it can be used if the titanium solution Itself contains iron. 

Detemfination of Titanium in Titanium Dioxide. Weigh out accurately 
about 1 grm. of the sample of dioxide and fuse it in n nickel crucible 
^vith ten times its weight of potassium hydroxide until the melt is perfectly 
clear. Cool, and dissolve the mass In hot, dilute hydrochloric acid. Cool, 
and makeup to 250 ml. 

Activate the zinc of a Jones reductor (p. 148) with dilute hydrochloric 
acid, and place 100 ml. of a standard ferric solution of approximately 
decinormal concentration in the filter-bottle. 

Take 50 ml. of the titanium solution, dilute to 150 ml. with water, 
and raise the hydrocliloric acid content of this solution to about normal. 
Pass the liquid slowly through the reductor into the iron solution. Wash 
the zinc >vith dilute hydrochloric acid and distilled water. Add 10 ml. 
of the ammoruum thiocyanate indicator and titrate the excess of iron at 
once, in an atmosphere of carbon dioxide, with arbitrary titanous chloride 
of approximately decinormal concentration. Let a? ml. be the volume 
required. 

Standardise the titanous chloride against 25 ml. of the ferric solution 
under exactly the same conditions. Let the volume of titanous chloride 
used be y ml. The weight of titanium in one-fifth of the dioxide equals 
the weight of titanium in {4y — x) ml. of the solution. 

Alternatively, if tlie titanium dioxide contains no iron, the weight of 
the ferric salt-reduced by the titanium can be determined by titration 
with a standard solution of potassium permanganate of approximately 
decinormal concentration. In this case a blank assay should be run to 
ensure that no ferrous iron has been introduced from the zinc or from some 
other source. 

Note 1. The reduction of the titanium in the Jones reductor may be slow 
It can be hastened by heating the solutions to 30* C., but in that case there* 
will be large consumption of zinc. If core is taken, it is possible to reduce warm 
sulphuric acid solutions of titonium quantitatively in the reductor. n * 
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Note 2. . 

solution, 

in which ■> 

bottom o 
Avith a be 

fairly eas' ^ 

from the nuoK by platinum wire. i*usb the glass rod through the cork until the 
zinc is hanging in the liquid, and allow reduction to proceed for twenty to thirty 
minutes. 

Raise the cork slightly and slip a delivery tube, through which pure carbon 
dioxide is passing, int'- ^ 

free distilled water. ' • . ; . ■ . ; • 

care not to allow the , • * . , ' ■ • • 

the cork and its flttir • 

tlie time, titrate as Suuk oa pusbiuie wiiu titanous chloride, using ammonium 
thiocyanate as indicator. 



SECTION VIII 

UNCLASSIFIED VOLUMETRIC DETERMINATIONS 

Determination of Silver by Standard Sodium' Chloride Solution 

When a solution of silver nitrate, or other soluble silver salt, is mixed 
%vith a solution of sodium chloride, the stiver is precipitated as the white 
insoluble chloride os follows : 

AgNOj + NaCl = AgCl + NaNO,. 

Accordingly, the weight of silver present in a solution may be 
determined volumctrically by precipitating the chlorine from a known 
volume of NaCl solution of known concentration by means of the silver 
solution. Under certain conditions an indicator is unnecessary, because 
the presence of a turbidity caused by the addition of a few drops of one 
of the solutions to the other will show that the end-point has not been 
reached, and nice versd. However, potassium chromate, which gives a 
hriek*red precipitate with an excess of silver nitrate, may be used, and 
several adsorption indicators are available. 

Detennination o! Silver without an Indicator. It is preferable to odd 
the salt solution to the silver solution ; free nitric acid must be present ; 
and the presence of a small quantity of pure’barium nitrate is desirable. 
The doubly*charged positive barium ion aids the coagulation of the 
precipitate. As an exercise, determine the percentage of silver in pure 
silver nitrate as follows : 

Weigh out accurately about 04 grm. of the silver nitrate into a well* 
stoppered, 200-ml. bottle. Add about 100 ml. of M’ater, a few drops of 
concentrated nitric acid, and a small crystal of barium nitrate. Titrate 
with approximately decinormal, -standard sodium chloride solution 
(5-845 grm. per litre), by adding 20 ml. at once, stoppering the bottle, and 
shaking it vigorously until the precipitate of silver chloride has coagulated 
and settled, leaving a clear solution. The volume of sodium cliloride 
taken should leave the silver still in excess. Continue to .add the sodium 
chloride, 1 ml. at a time, stoppering and shaking after each addition, until 
the portion of sodium chloride fails to give a turbidity. 

Repeat the determination, using a fresh portion of the sample of silver 
nitrate, and running in at once that volume of the sodium chloride solution, 
less 1 ml., which the first titration has indicated will be required ; and 
then adding the chloride 2 drops, or 0-1 ml., at a time. 

This process is a modification of the Gay-Lussac-Stas process for the 
assay of silver. This is probably the most accurate volumetric determina- 
tion known, as it enables the percentage of silver in bullion to be determined 
to 1 in 10,000 ; for further information, see Smith’s The Sampling and 
Assay of the Precious Metals, 

Determination of Silver using an Adsorption Indicator. The precipitate 
of silver halide, when it is first formed from a solution, is colloidal in nature, 
and the particles are charged. IVbether this charge is positive or negative 
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apt to adsorb either soluble iodide or silver nitrate, as well as the chromate, 
that reasonable results can be obtained only in dilute solution and if the 
silver nitrate is added slowly, the vessel being stoppered and shaken after 
the addition of every 2 or 3 ml. of the silver nitrate. 

It is essential when using this indicator that the solution be neutral, 
or only very weakly acidic. If^t is alkaline, cither a precipitate of silver 
oxide is formed or the silver salts are not precipitated. If it contains a 
strong acid, the potassium chromate is changed to potassium dichromate 
and, as silver dichromate is a soluble salt of no striking characteristics, 
the end-point is not shown. 

2lC,CrO* + HjSO, = IC,Cr,0, + K,SO, -f HjO. 

To make an acidic solution neutral, add pure, precipitated clialk in 
such quantity that only a small weight of the chalk remains undissolved. 
To make an alkaline solution neutral, add nitric acid in sUght excess, and 
neutralise the excess wth precipitated chalk. 

Procedure. Suppose that an approximately decinormal solution of 
silver nitrate is to be' analysed. Prepare a suitable standard solution of 
silver nitrate by dissolving an accurately-weighed quantity of about S'4 gmi. 
of the pure crystals irf Avater and diluting to 200 ml. Prepare also an 
arbitraij’ solution of sodium chloride containing about C grm. of the salt 
per litre. 

Measure out 23 ml. of the chloride solution into a conical flask, or, better, 
in a porcelain cvaporating-dish. The dish should stand on a mortar so 
that it remains steady when-its contents arc stirred. Add 2 drops of a 
10 per cent, aqueous solution of potassium chromate.' (If chloride is 
present in the chromate, add silver nitrate solution to the whole of the 
indicator solution imtil there Is a pehnanent red precipitate, and Alter.) 
Dilute the chloride solution to about 7S ml. and run in the silver nitrate 
from the burette, stirring or shaking constantly. Throughout most of the 
titration, the silver chloride is suspended in the liquid in a finely-divided 
state. Near the end-point a warning that the titration is nearly over is 
given by the sudden coagulation of the precipitate. Take the burette 
reading when a faint tinge of red persists in the liquid. 

Transfer the silver solution to be analysed to a burette, and carry out 
a similar titration to the same intensity of colour, which must be remem- 
bered. It is no use putting aside the first vessel to serve as a standard, 
because the colour of the chromate will almost certainly change on 
standing. 

Although there probably will be small indicator errors in each titration, 
yet, as the concentrations of the two solutions of silver nitrate are similar, 
these errors will be the same, and the ratio of the volumes of silver nitrate 
used will be a reliable measure of their relative concentrations. 

Determination of Chloride, Bromide or Iodide in Solution by 
• \ Standard Silver Nitrate 

The processes described above for the determination of silver by standard 
sodium chloride also scr^’c for the determination of a clUoride, bromide 
or iodide in solution by standard silver nitrate. It is convenient to use a 
decinormal solution of silver nitrate, made by dissolving 10 09 grm. of the 
salt in water and diluting to 1 litrel The use of phenosaftanine as indicator 
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is strongly recommended for the determination of chlorides and that of 
eosin for bromides. However, owing to adsorption troubles iodides are 
best titrated with potassium iodate, using the iodine monochloride method 
(p. 180). Iodides in the presence of chlorides can be determined by silver 
nitrate, using rose bcngal as adsorption indicator (p. 1D3). No volumetric 
method involving the use of silver nitrate is known which will serve to 
distinguish between bromide and chloride. 

In the determination of bromides and particularly of iodides, it is better 
to standardise the solution of silver nitrate against standard solutions 
of potassium bromide and potassium iodide respectively, rather than to 
make it up by weighing. x, 

Note. The silver in spent solutions or discarded precipitates from these 

■ •• • V - — •* -’"ly ns follows: Tip all the residues 

jar, in which an excess of commercial 
■ ; * n a large deposit of silver chloride has 

■ . - • • ■ ^ • the deposit on a fluted paper, wash it 


Determination of Cyanide by means of Standard Silver Nitrate 
Elution 

The solution of hydrocj’antc acid, or soluble cyanide, Is made alkaline 
by the addition of potassium hydroxide in excess, and a standard solution 
of silver nitrate is added. As soon as the 'silver solution is present in 
excess, a precipitate of silver cyanide is formed. 

During this reaction a soluble, double c>'anide of silver and potassium 
is profluecd at first, and therefore, no precipitate is formed •• 

2KCN + AgNO, » ICAg(CN)j + ICNO,. . 

As soon as more than sufTlcicnt silver solution has been added for the 
formation of the double cyanide, a precipitate of silver cyanide is 
produced : 

ICAg(CN), + AgNO, = 2AgCN> ICNO,. 

The appearance of this precipitate indicates the end of the first stage 
of the reaction. At the conclusion of this stage, each millilitre of 
dccinormal AgNO, solution which has been added will correspond with 
0 01302 grm. of KCN. , 

The solution in which the cjTinide is to be determined should be diluted 
considerably mth water before it is titrated in a conical flask in front of a 
black background. 

For practice, determine the percentage of potassium cj'anide in a 
commercial sample of that salt, by weighing out successive lots of about 
O'S grm., dissolving cacli separately in about lOO ml. of cold water, and 
titrating with standard, approximatclj' decinormal silver nitrate. As 
the commercial salt is alwaj-s alkaline, the oddition of potassimn liydroxide 
is unncecssnrj'. 

A solution of ejanide coiitninliig free ammonia (such os a cjTinide solution 
wliich lias been used for gold extraction) may be mixed with a few drops of 
potassium iodide solution. Tlie first drop of silver solution which Is added ’ 
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cxwss of tliat required to form the double salt Avill produce o precipitate of 

' ■ . ■ ■ ■ . * • ■ to be found, the acid 

sli< • ■ ■ ■ ■ ■ ” potassium hydroxide 

sol ■ I . . • • _ , . potassium hydroxide 

solution used should correspond as nearly as possible svith that necessary for 
converting the acid into KCN, and precautions to prevent the loss of the volatile 
acid by evaporation must be taken. 

Dilute hydrocyanic acid may be measured in an ordinary pipette, provided 
a plug of cotton-svool moistened with silver nitrate solution is pushed into the 
upper end of the pipette, since this liquid absorbs the vapour of the acid ; con* 
centrated solutions of the acid must always be weighed, using dosed vessels. 
It is safer, when handling solutions of Intermediate concentration, or even dilute 
solutions, to use a patent, setf-hUing pipette. 

Determination of Nickel by Potassium Cyanide 

This method is both rapid and accurate, and is based on the following 
facts : 

(а) Nickel, in the presence of a smalt excess of ammonia, reacts with 
potassium cj’anide to give a complex cyanide ; 

NiClj + 4KCN « Iv,Ni(CN), + 2KCI. 

(б) Silver iodide dissolves in potassium cyanide ! ' ' 

Agl -f 2KCN = KAg{CN)* + ICI, 

(c) Silver nitrate reacts with an excess of potassiiun cyanide to give 
the complex ICAg(CN}{. Therefore, if a solution containing iodide and 
cyanide is titrated with silver nitrate, at iirst no precipitate is produced. 
Directly the silver present is more than equivalent to the cyanide presentj 
a precipitate of silver iodide will be formed. 

Three solutions are required : 

(i.) A standard approximately dccinormal solution of silver nitrate is 
made by dissolving the required weight of the pure, rccrystallised salt in 
water and making up to a known volume. 

(ii.) An arbitrary solution of potassium cyanide containing about 13-5 
grm. of pure KCN and 5 grm. of pure KOH per litre. The potassium 
hydroxide increases the stability of the solution. Newthess, it is advis- 
able to store this solution In a Wttle connected to a burette, and to protect 
it from the carbon dioxide of the atmosphere by means of a sodn-limc tube 
(see Fig. 78, p. 135). 

(iii.) A solution of potassium i 9 dide containing 20 grm. of the salt per 
litre. 

Standardisation o! the Cyanide Solation. A known volume, say 25 ml., 
of the potassium cyanide solution is run into a conical flask from a burette, 
and diluted to 150 ml. after the addition of 5 ml. of the iodide solution. 
The standard silver nitrate is then run in until there is a faint, but 
permanent, opalescence in the solution caused by the precipitation of silver 
iodide in a finely-divided form. A small known volume, say 0-3 mb, of 
the cyanide is added from the burette. Tlic silver iodide should dissolve, 
and it is rcprecipitated by 2 or 3 drops of silver nitrate. In this ^ray the 
end-point can be found with great precision. 

Determination ol Nickel. For practice weigh out accurately about 
5 grm. of nickel ammonium sulpliatc, NIS 04 .(Nir<)jS 0 ,, 011,0. Dissolve 
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the cr>stals in water acidified with o small quantity of dilate sulphunV 
acid ond make up the solution to 250 mh 

Take 25 ml. of the nickel solution, dilute to 100 ml. and add ammoiiiu 
until the liquid smells slightly of it. If n precipitate forms it will probably 
rc<lissol\e if n little anunonium chloride solution is added. Then add 
5 ml. of the iwtassium iodide solution and a small, measured volume, say 
0-5 ml., of the sUmdiml silver nilnitc from a hnrette. The silver iodide 
I)roducod should make the solution cloudy. 

Titrate with the slandanl ]X)tassiuin cj-onide solution until the cloudiness 
just disapi>cars. This will take place when the KCX added is cquiNnIcnt 
to the nickel in the solution plus the'silvcr in the 0-5 ml. of the standard 
silver nitrate. Add AgXOj cautiously, drop by drop, from the burette 
until tlic cloudiness due to the silver iodide reappears. Add the KCN until 
it just disappears again. Proceed in this way until the endqvDint has been 
ascertained exactly. 

The equations on p. 100 show tluil one atom of nickel is cquiralent 
to four molecules of KCX, and one atom of silver to two molecules of 
KCX. Or that 

58'7 gnu. Xi Ki 4 X 05-1 gnn. KCX. 

107-9 grm. Ag -- 2 X O.**-! gnu. KCX. 

It has iK-en shown exporimcntatly that 

I grm. XI 4- <1 grm. Ag t . b grm. KCX. 

.\s the (luantitlvs « and h are known, a* can l>c determined. 

Determinatioa of Copper br Potauiam Cyaaide. I'he laetliod U the s.ime as 
that dcscrilH-d uIkjvc for nickel. " ' ‘ ' 

is of a deep blue colour ntul tli * 

anim<pnl.s is a fiilitl liucndcr, (he 

dispemes! and the eopfK-r solution tltmle<l directly ^riih standant cyanide 
srilutlnn. The sudden cluiiige In coimir of the solution from hhic to lavender 
marks the eiiih|>o!nt (AlnrLsfcld'B method). 

As the reaction l>ctuecn an ammonkscnl solution of rojipcr and )>oUvsslum 


resuhs will Ik* inacfumic. 

Determination of Silver by Potassium Thiocyanate 
When n solution of silver In nitric nrid is mixed with a solution 
of iwtassium thiorj-annte, the sliver is prccipitntetl as while silver 
thiocyanate s 

AgXO, + KCX.S - AgCXS + KNO, 5 ' 
nnd If ferric sulphate has Ix-cn previously added to the silver solution, 
the presence r)f thlfM-yaimtc In the slightest excevs will l>o indic-ntol by 
the dMinrt and i>cnnanerrt rcil colour of ferric thiocyanate. These 
reactions may Iw us«l for determining the proportion of silver present In 
silver nllciys which have I>ecn disvdved In nitric acid. 

An nppmxlninlely dccinomiat solution of iwtassium or ammonium 
th[ocv-nn.itc is prcparrtl by weighing out nboul 10 grm. of the hygroscopic 
cty>taU. <lis%olvIng them in vniler nnd m.nVing up the sf)lijt(fm to 1 litre. 
Somrtimrs it h prcfcnible to use tt solution of tvvirr Ihis rtinreritRiIhui. 
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The indicator is prepared- by boiling a saturated solution of ferric 
ammonium sulphate mth a small quantity of nitric acid until all nitrous 
fumes have been expelled (Volhard’s method). 

To Standardise the Thiocyanate Solntion weigh out accurately about 
0-25 grm. of pure silver. Dissolve it in 10 ml. of 1 : l nitric acid. Boil 
until all nitrous fumes have been expelled.’ Dilute to at least 100 ml. 
Add 2 ml. of the solution of ferric sulpliate from a pipette, and titrate 
with the arbitrary thiocyanate solution until the solution becomes red. 
The solution must be stirred well during the titration. To ensure eflicient 
mixing titrate in a stout conical flask fitted with a rubber bung. Near 
the end-point, stopper the flask and shake it vigorously. 

For Practice, the percentage of silver in any silver alloy (such as a 
silver coin) may be determined. Any silver alloy may be used provided 
none of the other metals present colours the nitric acid solution strongly. 

Weigh out accurately about 0-3 grm. of the silver alloy. Dissolve it 
in 15 ml. of 1 ; 1 nitric acid, boil until no more nitrous fumes are evolved, 
and dilute the solution to 100 ml. with water. Add 2 ml. of the ferric 
solution as indicator, and allow the standard thiocyanate solution to flow 
In from a burette until a permanent, faint red tint is produced. 

Indirect Peterminatlon of Chloride, Bromide or Iodide in Solution 
by Thiocyanate Solution 

The solution of the halide Is mixed with an excess of a decinorraal solution 
of silver nitrate and the excess is titrated with thiocyanate which has been 
standardised against the silver nitrate. As silver chloride is more soluble than 
silver thiocyanate, the chloride must be removed by Cltration before the end-point 
is reached. Consider a solution of sodium chloride to which an excess of silver 


, , i N ■ ■ ' ■ ■ . * : • I N ■ ■ ■ ■ . . 

AgCI(Solid) + KCNS == AgCNS(Solid) -f KCl. 

If the titration is carried out slowly enough, no permanent red colour will be 

U*-., nil flUv/-!- 


obtained. 

The hydrochloric acid present in a solution may be determined as follows : 
Assume that the concentration of the acid is somewhat less than decinormal. 
Put 23 ml. of the acid into a stoppered bottle, together with B mi. of nitric 
acid, made by boiling 4 parts of the concentrated acid and 1 part of water until 
all nitrous fumes liave been expelled. Add 25 ml. of decinormal silver nitrate. 
Stopper the bott* • '■ y* . •* » . , • 

stoppered bottle. . • • ' " . ' 

water. Add to *, . ■ .* ■ • ' ■ • ' « ' • ■ ' . 

and titrate witl ' 

ivashjng has not ' ’■ i * ■,■■■' ' . ' ■ *'1 • ■ 

silver nitrate, say 5 per cent., corresponding %vlth, say, 0-5 ml. of thiocyanate, 
will have been left on the paper and precipitate. In the second titration proceed 



meucury , zinc loo 

ns before, but, before filtering, add that TOlume of thiGCj-anatc which was required 
in the first titration. The exress of ailwr nitrate will now he small, nnd tf one 
wnsiiinp leaves 5 per cent, of It behind, the thioejanate equivalent of this 6 jwr 
cent, will be verj’ small. 'Iluii it is neecasniy to wash the paper only two or tlircc 


only in ncidic solutions nnd in the presence of the nitrate ion. 

Determination of Mercury by Thiocyanate 

The mclho<l is similar to that for silver. The mercury must be in the 
mercuric stnte nnd the method fails in tlio presence of mercurous salts, 
chlorides nnd nitrous ncid. 

ng(NOj), + 2KCN’S « IlgfCN’S), 4* 2KN*0,. 

The solution for nnnlysis should contain about 0 25 grm. of mercurj' 
ns mercuric nitrate or sulphate. To it add 10 ml. of conccntratetl nitric 
ncid or 5 ml. of sulphuric acid, and diltitc to 100 ml. Destroy any rcilucing 
agent by adding potassium permanganate solution of reagent concentration 
(p. 618) drop by drop, until the colour of the permanganate persists for five 
minutes. Reduce the excess of permanganate with a minimum quantity 
of a solution of ferrous sulphate. Add 2 ml. of ferric Indicator, and titrate 
with approximately decmormal potassium thiocyanate, as described under 
silver (p. 107). 

Standardise the thiocjTinate solution against 0-25 gmi. of pure mcrcurj’, 
which should be dissolve<l in hot, 50 per cent, by volume, nitric acid nnd 
treated with permanganate as has been described above. 

The method works so smoothly that it is possible to use it to determine 
quantities of mercury of tlie order of 0 01 grm. In this case, use 
centinormal thiocyanate solution. 

Determination of Zinc by Potassium Fcrrocyanlde 

Determination by Fenocyanide SoIaUon. Wlien RufTicicnt potassium 
ferrocyanide solution is added to an acid solution of zinc, the zinc is 
completely precipitated as a double ferrocyanide. In this reaction, the 
end-point may be indicated by the brown colour produced when tlic 
slightest excess of the soluble ferrocyanide is brought into' contact with a 
solution of uranyl acetate, commonly known as uranium acetate. This 
indicator must be used externally. 

Tlie reaction between the zinc and the ferrocyanide depends on the 
conditions, and cannot be exactly represented by any equation. Most 
of the zinc is probably precipitated as KjZnjFejCjgNjj : 

2K4FeC,N, + OZnCI, = K*Zn,FesC,jNi, + 6KC1. 

The equation representing the reaction between the uranium Indicator 
and the ferrocyanide is : 

2U0*(C,H3Oj)i'-f K,FeC,N, = (UO,),FeCeN„ + 4KC,HsO,. 
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The follouing Solutions nre required for the process : 

(а) The Standard Ferrocyanide Solution is made by dissolving about 
4S grm. of pure potassium ferrodyanide crystals, KiFeCjNe.OHjO, in 
water, and making up the solution to 1 litre : each millihtre of this solution 
will correspond with approximately 0*01 grm. of zinc, its exact concentra. 
tion being determined later by titration against the standard solution of 
zinc, 

(б) The Standard Zinc Solution is prepared by dissolving S-5 grm. of 

pure zinc in a little hydrochloric acid which has been diluted with its 
o^vn volume of water, carefully avoiding loss by spirting. This solution is 
then made up to 250 ml. An alternative method consists in dissolving 
11 grm. of pure ZnS 04 , 7 lIjO crystals In crater and making up the solution 
to 250 ml. Each millilitre of this solution contains O'Ol grm. of zinc. 
Precipitation of the zinc by hydrolysis can he prevented by adding a 
considerable quantity of ammonium chloride to the solution before making 
it up to a standard volume. ' 

(c) Uranyl Acetate, UOj(CiHjOj)„ in s.aturated solution. 

Standardise the Ferrocyanide Solution (a) by introducing 25 ml. of 
the zinc solution (6) into a beaker of about 400 ml. capacity, adding 
8 ml, of concentrated hydrochloric acid and 5 grm. of solid NII|CI, diluting 
to 250 ml., and .heating to 80* C. Tlien add the ferrocyanide solution 
gradually’ from a burette, with constant stirring, until a brown coloration 
just appears when a drop of the liquid is mixed with a drop of the uranium 
acetate solution on a widte (>orcclain plate. The- solution will now be 
below 80* C. It should l»e reheated to that temperoture before finishing 
the titration. As the precipitation of the zinc is not immediate, it Is 
necessary to continue the stirring of the solution for a minute or tiro, 
and then to test again with the indicator, more ferrocyanide solution being 
added, if necessary, until the brown coloration ivitb the uranium solution 
persists. The ferrocyanide reacts rapidly neither with the zinc nor with 
the uranyl acetate. 

As an external indicator is in use, it is specially important to titrate by 
the method of “ bracketing ** (p. 141). Corry out the first two titrations 
rapidly, and do not be afraid of overshooting the end'point. 

The volume of ferrocyanide solution equivalent to a definite weigld of 
zinc is now known. 

The Determination of the unknotm quantity of zinc is carried out in 
exactly the same way as the standardisation of the ferrocyanide solution, 
the concentration of free hydrochloric present, the temperature of the 
liquid and the concentration of the ammonium chloride being similar. 
It is evident that the determination of zinc by this process cannot be 
made if other metals which form ferrocyanides insoluble in hydrochloric 
.ncid arc present in solution. A nephelometric modifiention of the method 
is described on p. 808. 

Determination by Ferrocyanide using Diphenylbenzidene as an Oxidation- 
redaction Indicator. The reduced form of this compound has a clear 
green colour ; the oxidised form is an intense purple. A solution containing 
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ferricyanide ions has an oxidising power strong enough to produce the 
purple colour, while the oxidised form is easily reduced by ferrocyanidc 
ions. ^Vhcther the indicator is purple or green does not depend directly 
on the concentration of one or other of those ions, but on the ratio of their 
concentrations (pp. 139 and 214). If, therefore, a solution of zinc is 
titrated with a solution of potassium ferrocyanide containing a small 
quantity of potassium ferricyanide, at first the ferrocyanide ions will be 
removed as insoluble zinc ferrocyanide and the solution will be oxidising 
with respect to the indicator. Immediately all the zinc has been pre- 
cipitated the ratio of ferrocyanide to ferricyanide ions will increase rapidly, 
the solution will reduce the indicator, and the intense purple colour will 
change to green. 

The solution of the indicator should be made by dissolving 1 grm. of 
diphenylbenzidene in 100 ml. of concentrated sulphuric acid. The method 
closely resembles the determination of zinc, using the externa! indicator, 
but the present solutions are not so concentrated. The optimtim conditions 
arc ; the standard solution of zinc and solution to be analysed should have 
nearly the same concentration and should contain approximately 5 grm. 
of zinc per litre. Take 25 ml., add 10 grm. of ammonium chloride and 
5 ml. of concentrated sulphuric acid. Dilute to 100 ml., add 5 drops of 
the indicator, and heat to 80* to 40* C. The indicator should be added to 
the cold solution. Titrate with a solution containing approximately 
20 grm. of K^FcCjN^OHjO and 0-2 grm. of KjFeC,Nj per litre. The reagent 
should be added fairly slowly and at the same rates in the standardisation 
and In the determination. 

The purple colour of tlic indicator often fails to develop until a 
considerable volume of the fcrrocyanidc-ferricyanide reagent has been 
added. On occasion it fails to appear at all, but the colour con then 
sometimes be produced by adding to the solution a small volume of 
i,omc neutral zinc solution which has already been titrated and which 
has shown a satisfactory colour change. As the ferrocyanide requires 
an appreciable time for reaction with the zinc, towards the end of the 
titration the addition of a drop or two of tlie reagent will cause the solution 
to he temporarily reducing. The colour of the indicator will then be 
green, and the purple colour will return when a sufficient number of the 
fettocyanide ions have been removed by precipitation. Titrate until the 
green colour remains for two minutes. 

The indicator is very sensitive to working-conditions and will often fail 
to function in the presence of iron and of small quantities of oxidising and 
reducing agent**. This method is therefore not suitable for zinc in alloys 
and ores. 


Determination of Lead by Ammonium Molybdate 
When Ammonium Molybdate Solution is added to a solution containing 
lead, the following reaction takes place : 

Pb(C,TIjO,), + (NH,),MoO. = PbJIoO* + 2NHjC,IIaOj. 

The addition of excess of the molybdate ^rill produce a ycllo^vish-b^own 
coloration with a solution of tannin. Solutions required : 

(ff) /iMunoninm Mohjbdale Snhitinn, prepared by dissolving 0 grm. 
of.'piire ammonium molylxiatc in w'atcr and making up the solution to 
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1 litre. Oae millilitre \viU be approximately equivalent to 0 01 grm. of 
lead. 

(b) The Tannin Solution used as indicator is prepared by dissolving 
0*3 grm. of tannin in 100 ml. of water.' 

Since both these solutions are liable to undergo change, the former 
should be standardised at intervals of a fortnight and the latter should 
be frequently renewed. 

(c) Standardisation of the Ammonium Molt/bdale Solution. Weigh out 
0-3 grm. of pure lead assay foil, dissolve it in a little dilute nitric acid, 
and evaporate the solution considerably. Add a few millilitres of 
concentrated sulphuric acid and heat until white fumes are evolved. 
Dilute the cooled liquid with water to about lOO ml. ; the lead will be 
precipitated completely as PbSO*. Filter, wash the precipitate with 
10 per cent. HsSO^, and then perforate the bottom of the filter-paper. 
Wash the precipitate completely into a small flask containing 5 to 10 
grm. of solid ammonium acetate, using a fine stream of water from a 
^rash-bottle. If some precipitate still adheres to the filter, tbe filler 
itself may be placed in the flask ; the paper can be broken up and will 
then not affect the analysis. Boil the solution to dissolve the lead 
sulphate. Acidify with acetic acid, dilute to 2D0 ml., and boil again. 

Titrate the nearly boiling liquid with the ammonium molybdate solution, 
continuing the addition of the reagent until a drop of the well-stirred 
liquid gives a faint yellowish colour with the tannin indicator, drops of 
which have been placed on a white tile. The yellow colour is not easily 
seen by ordinarj’ artificial light.' 

For practice, commercial lead, a salt of lead, or a lead ore may be used. 
Weigh out from 0-S to 2 grm. of the lead ore, according to the supposed 
lead content, dissolve it in nitric acid, using aqua regia if necessary, and 
evaporate the solution to a small bulk. Add a few millilitres of con- 
centrated sulphuric acid and continue the evaporation until white fumes 
are freely given off. Add water, and boil in order to dissolve .any anhydrous 
sulphates. Then cool, dilute with 100 ml. of water, filter, dissolve the lead 
sulphate in hot concentrated ammonium acetate solution, and titrate the 
hot solution, as is described above. 

Note that as a considerable quantity, say 1 ml., of a decinormal solution 
of ammonium molybdate must be present in the titrated liquid before a 
recognisable colour is produced with the tannin, it is particularly important 
to use similar volumes of the molybdate solution in the standardisation 
and in the determination. 

Note. IMien barium compounds arc present in any quiintity, they "’ill 
interfere with the accuracy of the result. In this case dissolve the ore in IICI 
«ith the help of a little HNO,, e^-aporntc of! the excess pfacid, dilute considerably 
and precipitate the lead snth IltS. Filter off the PbS,' wash it, and dissolve it In 
dilute HNO3. Es’aporate down svifli HjSO<, and proceed with the determination 
ns is described above. 

Determination of In Soluble Phosphates by means of Uranyl 
Nitrate or Acetate 

This process depends iqH>n the fact that, when a solution of uranyl nitrate 
or of urnn}'! acetate and a solution of a phosphate nre mixed together in the 
presence of an alkaline acetate and free acetic odd, the ssholc of the phospliale 
is thrown dosyn ns uranvl phosphate, UO.irPO*, or, if ammonia is present, ns 
UO,NTI,rO«. -It ‘ , 
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In canjing out the process volumettically, the uranium solution is usually 
added from a burette to the solution of the phosphate, and the presence of 
an excess of the uranium solution is detected by the formation of a brown 
precipitate of uranyl ferrocyanide, when a drop of the mixed liquids is brought 
into contact ivith a drop of freshly-prepated potassium ferrocyanide solution 
(seep. 200). ' *--»* — wj . 

Standard . * '• out some 35 grm. of 

crystallised ■ • , ■ • ; v .19 grm. of uranyl acetate 

[U 0 j(C,H 30 j),, 2 H, 0 ], add 25 ml. of glacial acetic acid, dissolve the salt in 
water, and dilute the solution to 1 litre. If uranyl nitrate b used, also add 
sodium acetate to prevent the formation, under any conditions, of free nitric 
acid. 

The Standard Phosphate iS'oiutton. Weigh out accurately 3 831 grm. of pure 
potassium dihydrogen phosphate, ICH,P 04 . Dissolve this in water and dilute 
the solution to 1 litre. Fifty millilitres of this solution correspond with 0 1 grm. 
of P,Os. 

A Solution of Sodium Acetate eonlaining Acetic Acid. Dissolve approximately 
100 grm. of sodium acetate in water, add 50 ml. of glacial acid, and dilute to 
1 litre. 

A Solution of Potassium Ferrocyanide, wliich must be freshly prepared. 

The Process of Titration, Add 5 ml. of the sodium acetate solution and 1 ml. 
of a 10 per cent, solution of ammonia, which lias been exactly neutralised witii 
acetic acid, to 50 ml. of the potassium phospliatc solution, and heat the liquid 
to 00® C. by placing the beaker on a hot plate or in a water-bath. Add the 
uranium solution from a burette, until a drop of the well-mixed liquids gives a 
faint reddish-brown coloration wlien it is brought Into contact with a drop of 
the potassium ferrocyanide solution. 

• Ueat the liquid once more to 00® C., and again test a drop of it with 
ferrocyanide. If the brown coloration still appears, the titration has been 
completed. If, however, no coloration appears, continue to add the uranium 
solution until the brown colour is produced with the ferrocyanide after the 
liquid has stood for some time. The reaction between the uranyl salt and the 
phospliatc is slow. In the final titration it is best to add most of the uranium 
solution rapidly, and to finish the titraton by the slow addition of the remainder. 

The above procedure indicates the method for phosphates in aqueous solution. 
Note that no results can be obtained if free mineral acid is present. Such acid 
must be replaced by acetic acid through the oddition of a suitable quantity of 
sodium acetate. The conditions under which the actual analysis is carried out 
must resemble those of the standardisation os closely as possible with respect to 
quantities, concentration and temperature. 

Determination of Calcium and Magnesium Phosphates, These phosphates 
cannot be correctly titrated with a uranium solution which has been standardised 
by means of potassium phosphate solution. The uranium solution which is used 
for the determination of PtOi in either of tlicsc phosphates must be standardised 
by a solution which contains 5 grm. of Iricalcium phosphate per litre, in the 
manner described below. 

Before this solution is prepared, the purity of the tricalcium phosphate 
standards must be tested by precipitating the phosphorus as ammonium 


have l>ccn reached. Ilcat to 00® C. Tlic solution should no longer react with 
the indicator. Complete tlic titration. 

A’o/f. If the phosph.atc solution is heated at the beginning of the titration 
calcium or magnesium phosphate may be precipitated, and it is redissolved in 
uectic acid only with much diiTieuUy. 
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■ * :'I , i posiKon, A substance of 

■ ■ ■ ’ • ■ .te determined by standard 

■ ■ * ■ ■ cly. The conditions which 

' ■ ■ • .1 only be obtained by the 

■ ' ...n.Muii tiie solution to be determined is similar in all 

respects to the phosphate solution against whicih the uranium lias been 
standardised. Moreover, the t«o litnitions must be carried out under identical 
conditions. It is diflicult rigidly to obsen'e tJiese points in practice. For this 
reason and because the recognition of tlie end-point bj' the external ferrocynnide 
indicator is not easy, the molybdate determination (p. 201) is the better of tlie 
two volumetric methods for phosphates, despite the fact that tlie uranyl acetate 
is the faster. 



PART IV 


MISCELLANEOUS METHODS OF ANALYSIS . 


SECTION IX 


mOROGEN ION CONCENTRATION 
POTENTIOMETRIC TITRATIONS 


The measurement of hydrogen ion concentration and the.determinatioii 
of acids and alkalis, and of oxidising and reducing agents by the electro- 
metric (or, more accurately, potentiometric) method are now of the greatest 
importance. 

When a bar of any metal is dipped into an aqueous solution of one of 
its salts, an equilibrium is set up. Some of the metallic Ions in the solution 
may tend to deposit on the metal, when the electrode mil become positively 
charged and the solution, as a whole, will be negatively charged. This 
tendency for the ions to deposit is governed by their osmotic pressure, p. 
On the other hand, the “ solution potential,” P, which is the tendency 
for the metal to go Into solution, may be so great that positive ions leave 
the electrode, when the electrode will be negatively charged and the 
solution iwsitively charged. It can be sho>m that the difference in potential, 
R, between the metal and the solution Is given by 


T- HT, p 


uherc n » valency of the ions, 

F = 90,500 couIoml>s (or 1 Faraday). 
II « gas constant, 

T «= temperature in degrees absolute. 


When values are substituted for these symbols, assuming a temperature 
of \R* C. and changing to common logatlhims, the expression becomes 


,, 0 058 , p 

h log 

« P 


If two electrodes of the same metal are placed in two vessels containing 
solutions of dirfcrcnl concentrations of the same salt of that metal, and 
these solutions arc joined by n lube containing a solution of some suitable 
neutral salt (sec Note), the combination will form an electric cell from 
which a small current can be taken. Tlic E.TkLF. of tins cell is given 
by the algebraic dirfcrcncc of the potentials of the two electrodes ; 
namely, by 


0 058 Pf 0 058, p. 

■■ i:, - E, log u lojT ill 

* ‘ n ‘’P ft 


O 058 , n. 

- log — . 

n **p, 


SOS 
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For dilute solutions, the osmotic pressure can be taken to be proportional 
to the concentration, so that the expression can be witten 


E 


005S 

n 



where and Cj are the concentrations of the metallic ion in the two 
solutions. 

A piece of platinum coated with platinum black and immersed in gaseous 
hydrogen acts as if the electrode consisted solely of “ metallic hydrogen.” 
Platinum so treated is knonm as a hydrogen electrode. If one hydrogen 
electrode is dipped into a solution containing unit concentration of 
hydrogen ions and a second into a solution 'of unknown concentration, C, 
the two being connected as before, the EJtf J*. developed Is given by 


E 


The expression log ^ is mdcly used to characterise the hydrogen ion 

concentration, and, as the equations indicate, it is written Pg. The 
aritlunetical convenience of the Pg notation ivill be obvious.' 

The above equation shows that, by measuring the E.M.r. of a cell 
absolutely, the hydrogen ion concentration can be measured exactly. 
The absolute measurement, though simple in itself, requires the use of a 
somewhat complex apparatus, which c.annot be described here. For a 
suitable monograph on the subject, see p. 518. How the change in E.M J*. 
can j)e fo^owed when a solution containing a base is titrated with an acid, 
will be described later. 


Note. If two solutions of liydrocliloric add of different concentration nrc 
brouglit together without mixing, the hydrogen ions and chlorine ions irill 
migrate independently across the boundary. As the hydrogen ion moves the 
faster, the more concentrated solution will soon contain on excess of negati>'ely 
charged chlorine ions, and vice versd. A difference in potential will therefore 
exist at the liquid junction. The same will he true for any two salt solutions 
of different concentration, unless the two ions of the salt migrate at the same 
speed, it is obviously undcsiiabJc to have this effect nt tJie junction of the 
tube and the solution. Tliercforc the salt solution in the connecting tube or 
bridge must give ions of the same mobilities. One of the few suitable salts is 
potassium chloride. 


Measurement of Pji by Indicators. Protided that the solution to be 
examined contains no suWance which reacts wth or adsorbs tlie indicator 
and is not coloured in such a way that the tint of the indicator is interfered 
with, indicators can be used for the rapid and accurate determination of 
the Pjj ^’aIue. Such indicators must have been standardised against 
solutions of p„ and their effective ranges determined ; suitable details 
are given in the Table on p. 405. A short account of this method for the 
measurement of the P,, of water is gis’cn on p. 237 ; w’itli other t^TCs of 
sample it may be necessary to ascertain which of the indicators specified 
in the Table on p. 405 best covers the Ph range involved, and in such eases 
the Universal indicator given on p. 495 should first be used to obtain an 
approximate Pn \'alue. Further information must be sought in Clark’s 
Determinaiion of Hydrogen Jons. 
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Buffer Solutions may be defined as solutions having a definite Pu, 
which is not changed by the addition of even considerable quantities of 
other compounds. 

A dilute solution of sodium hydroxide is said to be “ unbuffered.” 
It will have a definite Pu, but the accidental introduction of traces of 
other compounds from tlic container or from the air will change the Pu* 
It is therefore useless as a standard of hydrogen ion concentration. On 
the other hand, a solution of the salt of a strong base with a weak acid, 
such as sodium acetate, is hydrolysed by srater, and the resulting solution 
is not neutral, but alkaline. 

CHjCOONa + 11,0 ^ Na+ + OH' + CII,COOH. 

Pro\'idcd the sodium acetate is in large excess, the addition of hydrions 
in the form of hydrochloric acid will have little or no effect on the Pn* 
The hydrion removes the excess of hydroxyl ion from the solution, thus 
upsetting the equilibrium shown above. More of the salt reacts with 
the water to produce a further supply of the hydroxyl ion, and the Pr 
remains constant. Sodium acetate is ft typical buffer, but acts only in 
the one direction. If some free acetic acid is added to the solution of 
sodium acetate, the addition of a smalt quantity of sodium hydroxide 
will have no very great effect on the Pjf The solution now fails to 
respond materially to the addition of either acids and bases, and it is 
buffered in both directions. 

Instructions for preparing more efficient buffer solutions than sodium 
occtatc«acctic acid mi:rturcs, are given l>eIow (sec also Table on p. 405). 

Potassium hydrogen orthophthabste Is nwde os follows : Take CO grni. of 
pure potassium hydroxide and dissolve in 400 m). of water. Add 50 grm. of 
resuhlimed orthonhtlwlic anhydride. Cool, and witlidraw a portion of the 
solution, testing It with plicnolphtfialetn. If it is not acid, make the solaVton 
slightly acid to tliis indic.ttor by adding further small weighed quantities of 
T*- tr-* 


be recrystallised and dried carefully before use. Sodium hydroxide free from 
carbonate should be used. 

Buffer solutions stored In scaled glass tubes of good quality may keep for 
long periods, especially if 1 drop of toluene be added to each before sealing. The 
more acid the solution, the more rapidly does it deteriorate. 

Exercises on Measurement of Pjj. Make up a series of buffer solutions 
of range Pn 4-4 to 6 0 (Table on p. 495). Prepare solutions of sodium 
hydroxide and acetic acid of equal normality (about decinormal), 
titrating them against each other vdtli phenolplithalein as indicator, 
and adding -water to the more concentrated until they arc in exact balance. 
To portions of 20 ml. of the acetic acid add 10, 12, 14 ml, of the sodium 
hydroxide. Place 20 ml. of these solutions and 20 ml. of the buffer 
solutions in a series of Nessler tubes (p. 235). Estimate their Pg by adding 
10 drops of a 0-02 per cent, solution of methyl red to the contents of all the 
tubes. Stir, and match the colours. 

Measure the hydrogen ion concentration of a decinormal solution of 
ammonium chloride, and that of tap-water. 
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Drop-Ratio Method, This inethod is included here because for most purposes 
it is eulDciently accurate, and, as it avoids the necessity for the preparation of 
buffer solutions, it is very convenient and rapid, Nine pairs of similar test-tubes, 
marked at 5 ml., ore placed In n double-row test-tube rack (as indicated in 
Fig. 85). In those of the front row are placed 1, 2, 3 ... 9 drops of the indicator 
solution in order, and to their respective partners in the back row are added 
9, 8, 7 . . . 1 drop. One drop of 0-2 percent, sodium hydroxide solution (2 drops 
for thymol blue) is then added to each tube in the front row, and 1 drop of 
0'03 N, hydrochloric acid (1 ml. for bromophenol blue and I drop of 2 per cent 
potassium dihydrogen phosphate solution for the oJfcaline range thymol blue) 
to each tube in tbe back row. Tlie contents of each tube are then diluted to 5 ml. 
If each pair is viewed so that the light passes through both tubes, then at one 
end the extreme acid colour of the indicator is seen, ivhile the other end cor- 
responds ivith the extreme alkaline colour, and in between is a gradation of 
colours from one to the other, Fach pair of tubes, therefore, corresponds in 
colour ^rith one-seventh of the total pH range of the indicator. Thus, with 
bromophenol red the tAVO extremes of the range represent Ph 5'4 and 7-0, and 
the seven intermediate tubes with steps of approximately 0 2 P„. The test 
solution should, of course, be contained in a sindlaT pair of tubes, each of which 
should contain 5 drops of indicator in a total of & ml. of liquid. 

For practice, apply this method to a sample of tap crater, and compare the 
results Avith those obtained by the method described above. 
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Titration Curves. The absolute measurement of the Pg by the electro- 
metric method requires considcrnblc apparatus which h.ns to be kept in 
condition, but the changes in Ph» for example during the titration of 
an acid with a base, can be foUoAred much more easily. As, fortunately> 
these clianges are frequently greatest at the end-point of a reaction, it is 
often suflloient to follow them only. As an example, consider the titration 
of 100 ml. of 0*1 N. HCI Avith 0*1 N. NaOH. The Pn of the original solution 
may be taken as unity. The addition of 00 ml. of NaOII and 10 ml. of 
Avater reduces the acid to 0-005 N, and a P„ of nearly 2-3 ; the addition of 
a further 0 ml. of NaOII changes the P^ to about 3-3 ; and so on, until, 
Avhen equiA'alent volumes of acid and alkali are present, the solution is 
neutral with a P0 of about 7. Thus, the last O-l millilitre of NnOH changes 
tile p0 by nbout 8-7 units. As the end-poInt is approached and passed 
therefore, there is a rapid change in Pu. To determine the end-point, it i** 
tlierefore suillcient to recognise Arberc the slope of the titration cur\’c is 
clianging most rapidly {see p. 218). 

The hydrogen ion concentration(C)of a solution is related to thcF.M.F. 
of the cell ; 
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Hydrogen electrode | the solution ] normal solution nf hydrogen 
ions I hydrogen electrode 
by the equation (p. 206) 

E = 0-058 log 

But, as the r,j is log the EJVIJ'. also changes rapidly as the titration 

reaches completion, and the end-point can be determined by following 
this change. This method possesses certain advantages over the usual 
volumetric methods. It is independent of the “ personal equation,” as 
no colours have to he watched, and titrations can be carried out in solutions 
containing natural colouring matters and even in the presence of suspended 
solids. 'tVhen neutralisation occurs in two steps, these stages are often 
marked on the curve. Tlic neutralisation of orthophosphoric acid by 
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Fio. 80. Typical Titration Curves. 


sodium hydroxide and of a solution containing a strong and a weak base 
by hydrochloric acid arc examples of stepped reactions. Tj’pical titration 
ciir\’cs are reproduced in Fig. 80. Curve (n) represents the neutralisation 
of O'l N. Iici by 0*1 N^NaOII, and cur>'c (5) the neutralisation of 0-1 N. 
phosphoric acid by 0-1 N. NaOII. In the latter cur\’e Jbe lower step 
corresponds with the formation of NnlljPOi (Pji 5-0), the latter with that 
ofXa,nPO4(Pj,0-2). 

Apparatus lor Determination ol P||. A simple form of nppanitus is 
shown In Figs. 87 and 88, Instead of ii normal hydrogen electrode (a 
hydrogen electrode immersed in a solution containing 1-008 grm. of 
hydrion per litre, p. 200), it is much more convenient to use ns reference 
electrode a <*;ilomcI electrode, the potential of which is some 0-28,'} volt 
higher than tliat of the hydrogen electrode. Tins differenee does not affect 
the relative changes in K.TlI.F. 


together oti (lie steel with a l!.it | — ‘ 
leaving u tongue of inctnl when 
the two ends together In a imr 
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the tongue joins the foil should be avoided. Take a piece of soft, lead-free glass 
tube and draw it off to a thin point. Break off the tip and slip in the platinum 
wire until the foil touches the glass. Rotate the junction in a small, hot flame 
until the glass fuses to the top of the foil and the joint is tight. 

Clean the foil by abrasion with fine emery-paper, wash it in alcohol-sodium 
hydroxide mixture, and finally, after leaving it for five minutes in chromic- 
sulphuric mixture, in distilled water. Do not subsequently touch the platinum 
with the fingers. 

The foil has now to be coated with platinum-black. Take two small weighing- 
bottles. In one, place a 10 per. cent, solution of sulphuric acid, in the other a 
8 per cent, solution of platinic chloride acidified with a little hydrochloric acid. 
Suspend the electrode in the second vessel and-electrolyse, using one lead 
accumulator, and a platinum Avire ns the anode. This wire should be held in 
the hand, and moved about in the solution. The foil should be covered with a 
black layer of uniform thickness, and the action should be stopped immediately 
the glint of the bright platinum can no longer be seen. Wash quickly under 
running water, transfer to the sulphuric acid, and electrolyse with a potential 
difference of 4 volts, until the “ black ” is thoroughly charged with hydrogen 
and the gas is streaming uniformly from the surface. If there are any dead 
spots, the electrode is probably useless, and the “ black” should be removed 
by making the electrode the anode in a cell containing 1 j 1 HCl and electrolysing 
as before. The foil should then be ready for recoating with the platinum black. 

Electrodes may be used again and again, provided they are kept scrupulously 
clean and are never allowed to dry. It is well occasionally to remove the 
platinum black by electrolysis and to rccoat as described above. 

Electrical connection is made to the platinum black by filling the tube in 
which it is sealed with mercury, and by poking an amalgamated copper wire 
into the mereury. 

A hydrogen electrode made from platinum wire serves fully as well as the 
foil-electrode for many purposes. It Is less easy to break and more easily 
repaired, but it must be rgblacked more frequently than the foil. A wire U 

H ared for use as follows : Abrade with cmer>**paper. Rub with cotton-wool 
ed in alcohol, taking care to leave no liairs on the wire. Raise the tip of 
the wire to a white heat in an al”’ * '* • • ■ • ♦ ■ , 

containing 30 per cent. IICl, ush **• 

the platinum black and “ gas ” * • 

It is essential that the hydrogen used be pure. It is best prepared by the 
electrolysis of a 20 per cent, solution of potassium hydroxide In the electrolytic 
apparatus describea on p. 180. For ordinary work, no purification of this 
hydrogen is necessary, except that great care must be taken to remove any 
potassium hydroxide carried in the gas by passing the stream through a long, 
vertical plug of glass-wool or through a wash-bottle containing water. 

An easily-made Calomel EUectrode is shown in Fig. 68. A layer of pure 
mercury is placed on the bottom of a bottle of diameter some 4 cm. and height 
from bottom to shoulder of 4 cm. Calomel paste, made by nibbing together 
calomel, Tnercuxy, and some of the potassium chloride solution in a mortar 


li tuiametcr, about 2 mm.) should be Idled with solution. 


The calomel electrode 
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tlie^end of tWs sheath in suclx n pMitloa that bubbles of hydrogen can escape 



In the sub'firctiit 
! 'he positive calomel 
■ ‘ a galvanometer G, 


!! i', 

hydroxide. The original P„ may be taken ns unity and the original E.M.F. 
o? the cell ivill be about 0 3 volt. Suppose the final P„ is 10. The final E.M.F. 
wll be /ess than 1 volt. Then if : ar : JI) =03; 0-7 : 1 , where x is the resistance 
of the potentiometer wire, the full potentiometer scale wjll be in use. 

Neither the galvanometer nor the potentiometer need be of the best quality. 
A robust milliammeter of the pointer type, of internal resistance nl>ottt 10 olims 
and sensitivity 5 mm. per micro-ampere, is suitable. Tlie zero mark should be 
at the centre of the scale. A rotary potentiometer having a total resistance of 
75 ohms and n gra<limted scale some 30 cm.'in length can be used. 

Titration of a Solation of Sodium Hydroxide of approximately decinonnnl 
concentration with 0‘1 N, HCI. 

Set up the apparatus, and place 40 ml. of the alkali in the titration 
vc.ssel, diluting it, If necessary. In order to cover the electrode. Pass Jn 
the Iiydrogen rap/diy for t*-'*- .t....... * 1 ... 

adjust the potentiometer, • • . . • . . ■ . ■ ■ ■ 

a point is found for wlUch : ‘ “• ' • i‘ 

one minute and take a ^ecortd reading. Continue until two consecutive 
readings agree. Run in 10 ml. of HCI from the burette. Mix by swirling 
the liquid round tlic beaker. Wait half a minute. Take the reading. 
Carry on in this way till the sudden increase in E.M.F. has been obtained. 
If the approximate end-point is knoxvn, odd quantities of 1 ml. tmvards 
the end of the titration. The first titration gives a dose approximation 
to the end-point. Repeat, carrying out the experiment a third time if 
necessary, adding smaller volumes of acid in the region of the end-point. 
Note that in electrometric titrations it is advisable to know the shape of 
tlie curve in its early and late stages. For example, suppose the end-point 
is at 88-S ml. of HCI. The first titration shows it is between 80 and 40 ml. 
and nearer to 40 ml. Tlie second titration should be made in the following 
steps ; 0, 15, 25, 30, 33, 35, 83, 37, 38, 30, 40, 45 ml., and shows that the 
end-point is between 38 and SO ml. Repent, omitting any unessential 
stages up to 38 ml., and proceed 88-0, 88'2, 88*4, till past the end-point. 
The curv’c relating the potentiometer reading in cm. and the ml. of IICI 
added will then show the result correct to 0-05 ml. (Note 2.) 

Note that it is preferable to run the acid into the alkali, because a 
faulty electrode may work perfectly in solutions of low P^| and may not 
break doxvn until the solution is olkalinc. It is well to discover the fault 
os soon ns possible. 

Titrate the sodium hydroxide with the hydrochloric acid in tlie usual 
way, using methyl orange or methyl red ns indicjitor, and compare yoirr 
results. 
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Note 1. In electrometric titrations, success can be more easily attained if 
work is tarried out systematically. The titrating liquid should be run into 
the flask in a standard way during each addition, tlie burette read at the same 
relative time after each addition, the Rask sliaken for a definite time before the 
potentiometer is read, and so on. In short, use “ drill movements.” 

It wll be found that the E.M.F. of the cell depends somewhat on the position 
of the solution in the slicath. This variation is of no importance except when 
the absolute Pu of the solution is to he determined, but the potentiometer reading 
should ^ taken either just before or jast after the ese.ipe of a bubble of hydrogen. 

Note 3 If the end-point cannot be read accurately from the curve, the following 
device m.ay be of assistance 

Instead of plot ‘ ‘ T . ainst the volume 

of NaOH added *. • 1 ' ‘ ,ir? lo ih* 

change in R prot 
and do is the v S • * 

produces it ; this ratio Is plotted against 
the total volume of NaOH added (o) as 
in Fig. 89. Now we know tliat, as the 
end-point is approactied, the cliange in 
R (dfi) increases considerably for only 
small additions of NaOII; consequently 
the above ratio (which incidentally, 
measures the angle between the hori- 
zontal and a tangent to the titration 
curve drawn at the point corresponding 
sTith the value of t> in question) also 
increases. At the eud-point it is a — — 
maximum, and if the titration is carried «-v 
beyond this stage, a curve of the type 
shosn) in Fig. 80 results. It is apparent 
that it is possible lu this way to deduce 
the end-point in cases where the re.ading!i 
available result in an appreciable gap 
between the two arms of the curve at the 
maximum ; this corresponds with a 
titration curve liaving an indefinite 
change of slope at the end-point. Since 
NaOH and HCl, iiowe>er, ore strong 
electrolytes, a sharp maximum should be 
obtained. 

Other Exercises. Make up a sUin- 
dard solution of disodium hydrogen 
phosphate of approximately decinonnal concentnition and titrate it witli 
standard hydrochloric ncid. 

Titrate sodium carbonate with liydrochloric acid. 

Determine the temporary and permanent hardness of tap-water (p. (165), 
using the electric apparatus in place of the usual indicators. 

Plot curves in all cases. 

Simplified Potentiometcy (Fmkbof’s Method). This method provides an 
instructive exercise, particularly where tlie amount of apparatus available is 
limited ; it also has practical applications in routine analysis. It depends on 
the fact that no potential exists between two similar electrodes in solutions 


^ ■ :! the present case) 



Fio. 89. 
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meter, a lOO-ohms resistance and a tapping key, and add 0-05 N. NaOII to the 
acid from a burette. After each addition depress the tapping key momentarily j 
the neutralisation point is reached when little or no deflection occurs. 

Oxidation and Reduction Reactions 

Electrometric methods are of great and increasing use in ^•oIllmet^ie 
analyses which involve oxidation and reduction, particularly when a 
large number of similar determinations are to be carried out. The apparatus 
used is the same as that sho^m in Figs. 87 and 88, except that it is simplified 
by replacing the hydrogen electrode by a bright platinum electrode made 
by fusing a platinum wire into'a glass tube. The platinum electrode is 
the positive pole of the titration cell. There is al^o no necessity to maintain 
a hydrogen atmosphere, and an open vessel can be employed, except in 
those cases where the reducing agent is easily oxidised by atmospheric 
oxygen. The vessels and platinum electrode must be kept scrupulously 
clean, the electrode as described on p. 211, and finally by heating it to a 
red heat in an alcohol flame. 

The theory of the method is analogous to the theory of the hydrogen 
electrode. The general oxidatiomrcduction equation may be witten : 

Oxidised Compound Electron(s) » Reduced Compound. 

An oxidising agent tends to gain electrons and, therefore, if a piece of 
platinum is placed in a solution of an oxidising agent, electrons will pass 
fpftm ♦« ♦»./. !.•«...•/» the platinum positively charged and 

* ■ .| , • , • t 

■| ! ' ' ‘ , cen the electrode and the solution is 

given by : 

E E lo" Oxidised Form 

® «F Concentration of Reduced Form 
In this equation, Ej, is a constant which -will be equal to E when the 
concentrations of the oxidising and reducing forms are the same. E® is 
known ns the standard oxidation-reduction potential of the system. 

The other symbols have theirusual meanings (p. 205). Wien numerical 
values are substituted in the equation, the following relationship is obtained 
at IS® C. : 

_ _ 0-058 , cone, of “ic ** form 

E — li a 4- ' ■ — iOC ■ « • • 

n cone, of ous ’ form 

For the ferrous-fciric system, is about 0-77 volt, and n is 1. The 
cell 

Ft I Solution containing 5-6 grm. I Salt | Normal 
I and 5-0 grm.Fc'*"'’ per litre I Bridge J Calomel 
I I j Electrode 

will give an E.M.F., not of 0-77 volt, but of (0-77 — 0-283) = 0*487 volt, 
the correction being necessary because the above standard of Eo is with 
respect to the normal hydrogen electrode, and a calomel electrode is 
now in use. If the ferric salt is reduced so that 1-02 grm. of ferric iron Is 
left in a litre of the solution, E will become 0-432 volt. Wien O-ll grm. 
is left, E will be 0-374 volt j when 0 01 grm. is left, E will be 0-810 volt, 
and so on. That is to say, toward the end of a titration, when the ratio 
of the concentrations of the two forms is changing rapidly, there ivill also 
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be a rapid change in the E.M.F. The above statement is equally true for 
oxidation. 

The standard electrode potential, referred to the normal calomel electrode 
for the stannous-stannic system is — 0*43 volt, and the E.M.F. of such a 
cell is given by 

. 0 058. cone, "ic” form 
E = — 0‘43 4* — loS “ ' . 

2 cone, oils form 


The E.M.F. of this cell will vary with varying stannous-stannic ratios 
much in the same way as that of the iron cell. 

If a solution of ferric chloride is titated with stannous chloride, it follows 
from the equations that 

cone. stannic , cone. ferric , 

10**, and T = 10-* * 

cone, stannous cone, ferrous 


when the E.M.F. of the cell is zero. 

If two equivalents of stannous chloride arc added progressively to 
one equivalent of ferric chloride, the E.M.F. of the cell will at first be 
high- It will fall suddenly on the addition of a few drops of the stannous 
solution, but svill be near 0-49 ± 0*1 volt until nearly one equivalent of 
stannous chloride has been added. It will again fall very suddenly and 
steeply, but, after the addition of one cqtdvalent plus a few drops of 
stannous chloride, it will again flatten out and will remain in the range 
— 0-3 to — 0-43 volt while the second equivalent is being added. The 
intermediate and final parts of the curve, in fact, 'vill closely resemble 
the sodium hydroxide-hydrochloric acid cur\’e (o in Fig. 80, p. 209), 
and it will be equally easy to determine the end-point. 

Note that the equations show Uiat the E.M.F. is dependent only on 
the ratio of the concentrations, not on the absolute concentration. The 
titration curve should be independent of the initial concentration, pro\'ided 
the solutions are so dilute tlmt they ore completely ionised ; or, rather, 
that the activities of the ions do not clinngc on further dilution. It 
should’bc just as sharp in a millinonnal as in a normal solution. Experi- 
mental dilTiculties, of course, do arise when working at extreme dilutions, 
but the electrometric method is capable of giving more accurate results 
in very dilute solution than arc tlie ordinary methods. 

Consider the oxidation of ferrous iron in hydrochloric acid solution 
by potassium dichromate ; 

CFeCI, -f K,Cr,0, + l-lIICl « OFcCI, + 2KCI -f 2CrCl, -f 711,0. 
Writing this equation in ionic form and neglecting ions wliicli appear on 
both sides : 

0F++ + Cr,0," + 14U+ -> 6Fc++^ -f 2Cr+++ -f 7H,0. 

By choosing suitable conditions, namely, a large excess of hydrochloric 
aci<l (which keeps the hydrion concentration practically unchanged 
throughout), and a dilute solution (so tliat the iratcr concentration may 
be regarded ns constant), the change in the E.5I.F. of the cell can be 
made to depend on the concentrations of only four ions, namely, Fc 
Cr'*"’’'*’, Fe'*'^'*’ and Cr,Oj . The s}‘stcm can be divided into two, a ferrous- 
ferric and a chromium-<lichrom.ite sj-stem, and the curve for the 

titration of ferrous iron with potassium dichromate will closely resemble 
(hat for the titration of ferric Iron willi stannous chloride. Throughout 
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a titration, the concentration of the ferrous ion decreases slowly and those 
of the ferric and chromium ions increase slowly and regularly. The 
concentration of the dichromate ion, on the other hand, is exceedingly 
small until the end-point is reached. After the end-point, the concentra- 
tions of the first three ions may be regarded as constant, while there is an 
abrupt change in the concentration of the dichromate ion. This will be 
accompanied by an abrupt change in the rate of change of the E.M.F. of 
the ceil. 

Tlie theory is given ^rith a view to emphasising two points : (a) The 
method can be used in the titration of ver>’ dilute solutions ; (6) the 
conditions of the experiment must be studied carefully. 

Fot Practice, make up solutions of ferrous sulphate and potassium 
dichromate of approximately decinormal concentration. Standardise 
the iron solution against the dichromatc in the usual way with potassium 
ferricyanide as external indicator (p. 149). 

Take 20 ml. of the ferrous solution in a 800-inl. beaker. Add a mixture 
of 80 ml. of concentrated hydrochloric acid and 200 ml. of water, and 
mix well by swirling the beaker round on the surface of the bench. Titrate 
^rith the dichromate solution, adding this reagent 5 ml. at a time. Mix 
well, and wait a few seconds after each addition before reading the 
potentiometer. Plot the curve obtained. 

Make any necessary alterations In the ballast resistances, Rj and Rj, 
and repeat, adding the reagent in volumes of 1 ml. when near the end- 
point. Carry out a third titration, determining a few early points and n 
few late points to give the general direction of the curve, and adding the 
dichromate in volumes of 0-2 ml. wlien near the end-point. The volume 
of reagent added should never be smaller than 0-2 ml. If well-spaced 
points arc thus olitained, the end-point can be determined from the curv’c 
correct to 0 05 ml. 

Dilute the ferrous and dichromatc solutions 10 times and 100 times, 
and repeat the titrations. Compare the end-points obtained and the 
shapes of the curves. Compare also the electrometric and volumetric 
end-points. 

Note. In very dilute solution lUi appreciable proportion of the ferrous salt 
may be oxidised by the air. Such solutions should be prepared from boiled, 
distilled water, and should be kept in stoppered flasks. A successful titration 
can be carried through only if the apparatus is absolutely free fron^rease and 
the platinum point is spotlessly clean. 

Determination of Iron in Commercial Aluminium. Commercial 
ahuninium may contain about 0'5 per cent, of iron. The sample should be 
freed from grease by washing it successively in ether, alcohol, and distilled 
water. Dissolve 1 grm. of the metal in 20 ml. of concentrated IICl and 
40 ml. of %vater, in the 800-ml. beaker in which the titration is to be carried 
out. Cover a clock-glass and warm gently. The reaction may be 
difficult to start, and difficult to ixmtrol when it has started. ^Vhen the 
aluminium has dissolved, boil the liquid for ffve minutes, keeping the 
beaker covered. Some samples of aluminium contain so much silicon 
that a clear solution will not be obtained. The presence of this silicon 
docs not interfere. Add 00 ml. of concentrated IICI and 200 ml. of water, 
ami immediately titrate wth standard potassium dicliromate solution 
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containing about 0-5 grm. of the salt per litre. The curve is not nearly so 
sharp as that obtained when a pure ferrous salt is titrated, but the method 
is probably the most accurate yet available. The dichromate is best 
standardised against a fresh solution of ferrous ammonium sulphate, using 
the electrometric method. 

Determination of Manganese in Steel. Dissolve l grm. of the steel in 
50 ml. of nitric acid (sp. gr. 1*13), and expel the nitrous fumes by boiling. 
Add about 0-5 grm. of sodium bismuthate, a little at a time to the boiling 
solution, to destroy any carbonaceous material. If a brown, precipitate 
of manganese forms, add 2 or 3 drops of concentrated sulphurous acid to 
clear it, cool, and add a large excess of bismuthate (2 grm.). Allow the 
mijcture to stand for five minutes and then filter it through clean asbestos. 
Wash the residues with 100 ml. of 3 per cent, nitric acid (30 ml. of con- 
centrated acid diluted to 1 litre). Add 50 ml. of 2 ; 1 HjSOj and cool to 
.at least 80° C. Titrate with a solution of mercurous nitrate made as 
follows : Dissolve 10 grm. of the salt in 150 ml. of water acidified with 

2 ml. of nitric acid. After allowing to stand for some hours, filter, and 
diUite to 1 litre. 

lOHgNOj + SHjSO* + 2KMnO| = SHgSO, + SHgCNOj), + KrSO* 

-I- 2MnSO« -f 8HjO. 

Standardise the mercurous nitrate solution against permanganate hy 
placing a known volume of the standard 0 05 N. permanganate in the 
titration vessel, with 50 ml. of 2 s 1 HjSOi and 200 ml. of svatcr. In 
order to make tfic conditions of the assay and tlie standardisation alike, 
add also 25 ml. of concentrated IINO3. Any nitrous acid which may has*e 
been present in the nitric acid should have been removed by shaking It 
srith sodium bismuthate and the excess of sodium bismuthate should, in 
its turn, have been completely removed hy filtration. 

Determination ol Chromium in Steel. Dissolve 2 grm. of the steel in 
100 ml. of dilute sulphuric acid (1 : 3), and, in order to decompose 
carbides, evaporate until salts begin to separate. Dilute to 60 ml. Add 

3 ml. of concentrated nitric acid and boil, to oxidise the iron and to expel 
nitrous fiunes. Dilute further to 300 ml., and oxidise the chromium to 
dichromate by adding to the boiling solution 1 grm, of silver nitrate 
followed by a concentrated, aqueous solution of ammonium persulphate 
containing 10 grm. of the salt. Boil for ten minutes, and then add 5 ml. 
of 1 : 3 HCl to decompose any permanganic acid >vhich will be present 
if the steel contained manganese. (Some prefer to add manganese sulphate 
as .an indicator, as the production of a pink colour shows that the oxidation 
of the chromate is probably complete.) After the addition of the HCI, 
boil for five minutes to remove any chlorine which may now be present. 
Cool, and titrate with a standard solution of ferrous sulphate ; a 0-05 N. 
solution is often suitable. 

The chromium in fcrro-chromium may be ilelermined by decomposing 
the alloy with sodium peroxide (p. 258). The ^Iiot solution should he 
treated with persulphate exactly as is described above, but 100 ml. of 
dilute sulphuric acid (1 : .3) should be present in the liquid during the 
titration. 
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Dfilemdnation ol Vana^um in Sie^L The method is based on the fact 
that pentav’alent vanadium can be reduced quantitatively to the 
quadrivalent state by ferrous sulphate. The vanadium is first oxidised 
to the pentavalent state by silver persulphate. 

Take 1 grm. of the steel, or, if the sample contains less than 0-5 per 
cent., 2 grm. Dissolve in 40 ml. of l ; HjSOj and 40 ml. of rvater. Add 
3 ml. of concentrated HNOg to tli^oWe carbides and to oxidise the iroh- 
Boil off the nitrous fumes. Dilute to SOO ml. with hot water and oxidise 
the v’anadium quantitatively, ns described for chromium (p. 217). Cool, 
to at least 10® C. Titrate with 0-05 N. ferrous sulphate. At first there is 
a gradual fall in the potential of the cell, which becomes even slower ns 
the titration proceeds. The end-point is marked by a sudden, rapid 
decrease. If the titration is o ver-shot, back- titrate with© 05 N. potassium 
dichromate. 

If the curve obtained is not sharp, it can be improved by changing the 
concentration of the sulphuric acid ot by diluting the solution, or by 
both modifications. The concentration of acid tends to become too low, 
and the concentration of ^'anad^um too high. 

Tliis method can be carried out in the presence of tungsten, if that 
clement is not present In great excess. In the presence of chromium do 
not oxidise the vanadium with persulphate because tlie chromium is also 
attacked. Dissolve the sample as before. After the first addition of 
HNO,, dilute to 200 ml. and add a further 40 ml. of concentrated HNO,. 
O.xidisc the vanadium by boiling this solution for at least one hour,* 
at least half the liquid must be removed by evaporation. Cool, dilute to 
800 ml. and titrate as before. Nitric acid Is a poor oxidising agent, and 
ns the vanadium is never completely oxidised by it, it is \rsual to odd 
1 per cent, to the result obtained. 

For on alternative method for determination of rnnadium in the 
presence of chromium, see under Ferro- Vanadium below. 

Determination ol Vanadium and Chromium in Fetro-Vanadium 
Dissolve 3 grm. of the sample in 50 ml. of nitric acid (sp. gr. 1*2). Itlicn 
solution is almost complete, add 10 ml, of HCl to complete the 
decomposition of such carbides as arc present. Reduce tiie volume to 
one-half by evaporation, and add a few drops of hydrofluoric acid to 
remove silica. E^•apo^ate with 50 ml. of concentrated HjS04 until dense 
fuming occurs, to remove the HCL Cool. Dilute, and make up to 3 litre. 
/Vny solid residue should be tested for vanadium and chromium ; if those 
elements are found, the residue should be fused with sodium peroxide 
and the sodium vanadate and chromate extracted %rith hot water. The 
resulting solution should be acidified with dilute sulphuric acid and 
added to the contents of the flask. 

Oxidise a portion of the solution with silver persulphate and titrate it 
clectrometrically with ferrous sulphate {p. 217). The titration gives a %’aluc 
for the chromium and the vanadium, the dichromate being reduced to 
and the to It will be necessary to add the ferrous 

sulphate in slight excess jn order to find the end-point. Add enough 
ferrous sulphate to increase this excess to about S ml., and titrate in the 
cold with a solution of octic sulphate. Tliis vril! oxidise the iron to the 
ferric state and leave tetravnlent vanadium. Add enough sulphuric acid 
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to bring the conceutratioji of this acid to 15 to 20 per cent, by volume, 
heat to 80'’ C., and continue the titration with ceric sulphate. Penta\'alcnt 
\’anadium will now be formed, but the chromium uill not be oxidised. 
Standardise the solution of ceric sulphate against a standard solution 
of ferrous ammonium sulphate. 

Determination of Uranium. This method depends on the fact tliat 
the uranium in a solution can be reduced to the tris'alent condition by 
zinc and sulphuric acid. On subsequent treatment with permanganate 
or ceric sulphate the uranium first becomes tetras-alent and finally 
hexavalcnt. The completion of these two stages is shown by well-marked 
breaks on the titration curves. 

Make up a solution of uranium sulphate or chloride (or acetate, if the 
Jones reductor is not to be used), containing about 0 01 grm. of uranium 
per millilitre. Nitrate must be absent. Either reduce 25 ml. of the 
solution in a Jones reductor, or place 25 ml. in a conical flask, add a 
considerable excess of dilute sulphuric acid, and reduce with granulated 
zinc at 00“ C. Tliis reduction must be continued for at least half an hour, 
and all the zinc must be dissolved. Dilute to about 200 ml. with air-free 
water, and titrate with decinormal potassiun> permanganate or dccinormal 
ceric sulphate. 

If the Jones reductor is tised, the uranium will probably be reduced to 
some indeterminate state between the trivalent and tetm>T»lent conditions. 
This is of no consequence, because the definite steps in the titration curve 
mark the change from U**’ to U*'*’ exactly. The uranium may also be 
reduced past the tctravalent state if gronuhted zinc is used, though 
there then is some risk that complete reduction to tliis state may not have 
been effected. 

If iron is present It is, of course, reduced in the reductor, but it Is not 
again oxidised until nii tlic uranium is in tlic hexavnient state. Tlie 
completion of the oxidation of the iron is marked by a tliird, sudden 
increase in the potential. 

Determination of Zinc clectromctric;Uly, by direct titration with 
iwtassium fcirocj'anide according to the equation 

aZnSOi -h 2 Iv4FcC,N, s= K,Zn,(FcC,N,), + 0K,SO4. 

Tlic metiiod is unsathfactor^' because the reaction is so slow near the 
cqiji\-alcncc point that the potential takes a long time to become 
constant. Even if the solution is heated to 05* C., one titration takes 
at least half an hour. Moreover, the titration curs’c is flattened out if 
the acid concentration is at nil high. An accurate determination can 
however, be made rapidly by precipitating the zincwvith an excess of 
potassium fcrrocj-nnidc and by b.ack-titratlng this excess with potassium 
permanganate. 

lOlnO* + OKjFcC^N, + 8IICl=5KaFcC,N,-hCKCl-hMnCI, -1-111,0. 

To standanlisc the poUissium fcrrocj'anidc, dissolve 1*5 grm. of zinc 
in the le.ast possible quantity of hydrochloric acid, and dilute the solution 
500 ml. Take 10 ml. of this solution and dilute It with 25 ml. of dilute 
HjSO, and 50 ml. of wjitcr. Add a large excess (50 ml.) of potassium 
ferrocj-nnide solution (about 20 grm. of KiFcCjN,. 311,0 per litre) slowly, 
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n'l'tfi constant stirring. Titrate lius excess with decinormal potassium 
permanganate or ceric sulphate. The end-point should be quite sharp. 
Any metal which gives on insoluble ferro<yanide interferes with tlic 
reaction and sliould be removed. Similarly, find the volume of per- 
manganate or ceric sulphate required to react with 25 ml. of the ferro- 
cyanide. . 

The determination of ?.inc should be carried out under conditions which 
resemble ns closely as possible those under irhich the ferrocyanide ^ras 
standardised. 

Determination ol Hydriodic Acid with Permanganate. This method is 
based on the reaction : 

2rainO^,+ lOia + SHjSO* = (JKjSO, + 2MnSO< + SJi + 8HjO. 

If chlorides and bromides, especially the latter, are present, they may also 
be attacked by the permanganate, and the results of ordinary volumetric 
analysis are unreliable. The electrometric method, on the other hand, 
--gives a good result, provided that the quantity of chlorine present is not 
more tlian the equivalent of the iodine and the quantity of bromine not 
more than one-quarter of that equivalent. 

The iodide solution and the permanganate solutions should be about 
0-05 N, Place 20 ml. of the Iodide solution in the titration vessel, and 
dilute to 200 ml. with water and sulphuric acid in such a way that the 
final acid concentration is nearly normal. Stir vigorously by blow'ng 
washed ale through the liquid, and titrate with the permanganate. The 
end-point /s marked by an abrupt rise in voltage. 

The iodide and bromide can be determined in one titration when they 
arc i)rcscnt together, and if the conditions arc clioscn correctly, the oxida- 
tion of each halide is marked by a break in tbe titration edrve. 

Note. Only a few examples of tbe very numerous electrometric titrations 
have been given here. For further information and a long list of methods, 
consult the 12/7j Edition of Sutton's Vohinulric Anahj*ii. See nlso Fottntiomttric 
Titrations, by KolthofT and Furmati. 


CONDUCTOMETRIC ANALYSIS 

Principle of the Method, Measurements* of the conductivities of 
solutions have been carried out for the purposes of theoretical physical 
chemistry for many years, but it is only comparatively recently, o^ving to 
certain simplifications in the method, that these have attained importance 
in chemical analysis. The principle of the method is the measurement 
of the change in the electrical re^^stuncc of a solution while it is being 
titrated, just as in potentiomctric methods the change in potenti.al is 
measured. It is found that under certain conditions this resistance 
tmdcrgocs a change at the end-point, which enables the latter to be 
indicated. 

Tlie electrical resistance of an aqueous solution depends primarily on 
tlie nature and concentration of the ions present, and in particular on their 
velocities of travel through the solution, since this determines largely the 
readiness ^vith which electrical charges ore passed on from one ion to 
another. 'Hie table «!liows the mobility of some common ions nt 18® C. 
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It will be seen that the values for the H+ and 011“ ions (derived from 
an ncid and alkali, respectively) arc much greater than those of any of the 
other ions ; solutions containing such ions therefore, will have a relatively 
low electrical resistance. For the present purposes it is usual to refer not 
to resistance but to conductivity, the reciprocal of resistance. Therefore, 
the lower the resistance the higher the conductivitj'. 

Now consider the simple neutralisation of 0-1 N. HCl by 0*1 N. NaOII. 
lixjircsscd ionically the equation is 

' (Na+ + OH") + (ir +Cr) = {Na+ + Cl") + 11,0. 

U 17S M7 ro 

The mohilities in round nundfcts, arc shown tindcrncatli the respective 
ions. The water formed In the reaction supplies no ions to conduct u 
current. Suppose tiiat the acid Is In the titrating vessel. It will Imvc & 
high conductivity iKcausc of the combined effects of the mobilities of the 
Ul“ and (particularly) of the 11* tons (sec table). On adding the alkali, 
IIjc Oir** it provMc^ will take up the 11* ions of the ncid, producing 11,0 
and thereby eliminating both II* and OIP ions so far as their capacity to 
conduct electricity is concerned. At the end-point, the remoTOl of II* 
ions will be complete, and the conductivity will have fallen correspondingly, 
Iwcatisc the inobiUlics of the Na* and CP ions also present will be far from 
sidllclcnt to compensate for this. The first drop of NaOII added after the 
•“ cntl-polnt esm now supply 011“ ions which have no H* to neutnUise them, 
and ns their mohility is high, the conductivity will rise sharply and will 
continue to do so while NnOll is l»cing oddcil. If therefore, the con- 
ductivity is plottcil npiinst the number of ml. added, a cur\-c such ns 
X^'Z In Fig. 02 (p. 223) will result, from which the cnd-polnt is readily 
ohtainahle. 

'Hiis simple rcnclioji has lx*cn chosen ns an example, but similar 
arguments apply tf>-other and more complicjitcd reactions. The metho<I 
is also Ixring usctl increasingly in industry' for the continuous control of 
the compositions of flowing liquids {e.g., wntcr-s\>pplics). since any clmngc 
in the ionic composition of these will result in a change in conduclivitv. 
Automatic recording instnunenls lm*c been dc^TIopc^l for such pur|>ovcs 
but these applications arc otdside of our present scope (sec reference, 
•p. C18). 

Apparatus Repaired. In its simplest fonn the npijamtus comes well 
within the facilities of an onlin.arj' I.'ilmmtors’, and It is slio^m In diagmm 
in Fig. f> 0 . This is rmlly an adaptation of the onlinarj’ ^^^leatslnne 
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bridge method of measuring electrical resistance, the arms of which are a 
standard resistance (JJ), the titration vessel {V, see also Fig. 01) whose 
resistance or conductivity is to be measured, and the two portions of the 



potentiometer measuring wire {AB), the relative lengtiis of widch (a and 6) 
are varied by means of the sliding contact (C). The apparatus is to some 
■ degree analogous to that used for potentlometric measurements (p. 210), 
The principal points of difference are the source of current, which must 
be about 2 volts A.C. (see below), and tlie nulhpoint instrument, which 
correspondingly must be sensitive to alternating current. 
Tile former may be obtained from a high voltage A.C. 
.supply by means of a suitable transformer ; an Induction 
coil may also be used, .but is rather noisy unless it is 
placed at a distance or suitably screened. The null-point 
instrument (C) may be an A.C. galvanometer, or a 
thermionic valve rectifier; the latter has the advantages 
of convenience and efliciency at relatively little cost, 
and simple circuits arc to be found in the book cited on 
p. filS. 

A convenient titration vessel (Crocker and Matthews) 
is shown in Fig. 01. It consists essentially of two 
platinised platinum electrodes (p. 211), held vertically 
and at a distance apart which should be adjusted 
according- to the conductivity of the solution to be 
titrated. Provision is made for the insertion of the tip 
of a burette into the- vessel, for a stirrer, and for 
temperature control (e.g., by immersing the vessel in a 
thermostat). A mercury contact (p. 211) may be used 
to connect the electrodes with the rest of the circuit, 
and this is done irrcsiwctive of their polarities, as A.C. 
is involved. Direct current cannot be used because it 
would teid to electrolyse the solution, and the minute gas bubbles of 
hydrogen snd oxj’gen thus formed at the cathode and anode, respectively, 
would raiW the electrical resistance of the system and introduce a 
disturbing wetor. These bubbles do not form if A.C. is used. 

Titration ' 



Fig. 01. 
Coimu'CnviTv 
Czku 
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solution being added should liave a concentration about 10 times that 
present in the titrating vessel ; the use of a micro^burette svhich can be 
read to 0 01 ml. counteracts any error due to titration with such a con- 
centrated solution. The object of tlifs difference in concentrations is to 
avoid any marked increase in the volume of the contents of the litralion- 
vossel owing to the addition of the titrating solution, because as already 
I>omted out, the mobilities of the ions vary according to their 
concentrations. 

Procedure. For practice, titrate 20 ml. of 0.1 S.IICI with 0.1 N. NaOII. 
Carefully clean the titration-vessel, and rinse it well witli distilled water. 
Place the 20 ml. of 0*1 N. HCl in it, and connect up as shown in Fig. 00 ; 
switch on the current. Adjust the standard resistance so that the null- 
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VOLUMC OF RCACCNT ADDED 
Fio. 02. t’oNPUcnviTV Curves. 

IK)int instrument registers tlic |K»ssagc of no current (or of u minimum of 
current) when the sliding contact is approximately In the centre of the 
potentiometer slide-wire. If car-plioncs arc used, this {)oint is indicatctl 
by the tniniuuun of sound l>cing heard ; a noNy Induction coil may then l>e 
found dividvantageoiis. Start the sUrrcr, allow the tcmi>cmturc to 
l>ecomc c<»nslnnt and cnstirc timt it docs not alter hy more tlian ± 1® C. 
during the titnilion ; the conductirity is \cr>* susceptible to tcmjwmturc 
changes. 

When the reading of tlie slidc-uirc is constant, note it, and start to 
a«ld the NaOH frotu the infcro-burcltc. In 0 2-ml. |>ortions. Adjust the 
sli«ling (s)ntnct after e.neh addition so ns to obtain a null-current indication, 
and note the ren<ling when it has liccomc constant. Continue titrating 
in this way, bvd, ns tUc cnd-polnl isnpproachnl.ndd 0-1 -ml. j^ortioas and 
then the minium amount that can lie dclistrcd from the burette. 

If the apparatus is conncctcil as shosm In Fig. 00 the sliding-contact 
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ivill ha^e to be moved gradualJy.to the right as titration proceeds. After 
the end-point however, when the conductivity is a niiniraum, it wiU be 
necessary to start to move it to the left, and it is advisable to carry the 
titration well beyond this point, so os to obtain a complete cur\'e of the 
type XYZ shown in Fig. 92. Plot the results obtained in this way, and 
if the point of the cmv’e is not very sharp at the end-point, extend the 
two straight inclined arms downwards until tliey meet at an angle, and 
take this as the end-point. Compare the result with that obtained by 
direct titration by tlie iodate method (p. 180). 

NoU. If a valve rectifler end-poiot iodicator is used, manipulation of the 
sliding-contact is imnccessary as an ordinary galvanometer is suitable. Once 
the instrument is set, therefore, it is neecssary only to note the galvanometer 
deflection after each addition of reagent. This method, therefore, is greatly to be 
preferred for rapid routine analytical work. • 

It will be seen that the method enables results to be obtained indepen- 
dently of many influences which affect the accuracy of ordinary indicators, 
such as colour or turbidity in the original solution. The method is also 
preferable to potentiometry in certain cases where the latter method is 
affected by electrode poisons which may be present in the solution in small 
quantities. It will be appreciated too, that where a “ curve " of the 
type XYZ shown in Pig, 92 is obtained, the result may be deduced verj' 
rapidly, because it is necessary only to establish 2 or 8 points on eocli 
of the straight line arms to be able to dmw these arms, ond so obtain their 
point of intersection. On the other hand, the special precautions indicated 
(e,g., as regards temperature, concentration, etc.) must be observed 
strictly. 

Examples of Applications of a less simple nature, some of which are 
carried out more conveniently by conductometric than by other methods, 
are given below. 

Salts ol Weak Acids or Bases. Titrate a O.Ol N. sodium acetate solution 
^vitli Od N. HCI. At first there is little change in the conductivity, because 
the free acetic acid liberated contributes little to the conductivity, and 
the replacement of the acetate by chloride ion has little influence on it 
(c/. Table). At the end-point, however, Uic excess of free H'*' and Cl 
ions causes a rapid increase in conductivity, and a curve of the type 
shoivn by VWZ in Fig. 03 results. If tlie junction of the two lines is 
rounded, the true end-point may be found by extending the straight 
portions of the two arms until they meet. 

Precipitation Reactions. Titrate. 0.01 N. AgNO, witli O.l N. NaCI, as 
already described. As titration proceeds AgCl toU be precipitated, and 
the effects of the mobih'tics of the Ag'*' and Cl" ions will be eliminated ; 
at the end-point, the first excess of NaCl will contribute Na"*" and Cl ions, 
and therefore, n curve of the type XYZ slio^vn in Pig. 02 %rill result, 
although the actual end-point may not be well-defined, because the high 
mobilities of the H* and OH“ ions will not be involved. A study of the 
table suggests that LiCl is to be prcfcrretl to NaCl by reason of the steeper 
slope it produces on the left arm of the curve ; this is indeed found to be 
the case, but this reagent is relatively expensive. 

Other applications ore to the titration of zinc ns ferrocyanidc (p. 399) J 
of sulphates wth barium chloride (p. 174) ; and of mixtures of strong and 
weak acids. 
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ELECTKODEPOSITION ANALYSIS 

The subject of clcctn><lc potentials lias nlrcuily Iwcn cUsajs'ctl (p, 203). 
When n Iwr of zinc Is |>lace<i In n solution of one of Its salts, the coiiccntrn* 
lion of the Ions In the folutlon l>etn)* molir, the potential Iwtsvi'cn the 
inctn! nn<l the Milullon, ^nth reference to the nonnal liyclropen elcclirxle, 
H — 0-70 volt. As zinc Ims n marhed tendencj' to Ionise, the Knr Is left 
with n nejpitUe charRe ; simlLirly the iL'iif>cell imtentlal l)clwecn e«ipi)cr 
im<l copper sulplinte solution is -)• 0 An\*oU. 

The followinjj table rIvcs the princii>al slniuLanl elect nxle |xilentlaN : 



r.*»ru»M«’-sui 
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Cd 

- 0 »0 

Ak 
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The jmtentlal whlcli must W npplle«I neross two platinum clectrw!(*s 
placed In n nonnal solution of rine sulphate In onfer to dcconiiwsc the 
salt Is 2. ns N*(»Us, The Table shows that there Is n dilfiTence of ( — 0 7(1 
— 0'3.1) « — l-OO NTilt lictween tlie stnmlanl clcclrtKlc iw)tenllnl* of zinc 
and copper, and, ns the wits of the more elcctro-nepatlve tnctnls arc the 
easier to decompose, it follows that n |totentml dlfTcrcnec of (2-3S — 1*00) 
»= 1*20 volt svould be rcqulrctl to decompose n nonnal solution of copper 
sulphate, stIiIIc the dccompo’=itlon potential of silver sulphate would \>c 
about 0 82 volt (sulwldiarj' effects arc l»clnpncplrctcil). Thus, If n solution 
containing silver sulphate and copper sulphate Is clcctrolj-sctl with u 
potential differenee of 1 ^-oltjOnly silver svouM be dcposiletl on the cathode. 
Tlie principle of “ graded cloctrolj*sis ” should now Ixi evident. 

It has been pointed out on p. 200 that the electrode potential is not a 
constant, but depends on the concentration of the Ions in the solution ; 
and that for n monosTilcnt metal, such ns silver, the equation becomes 

E = OflSSlO",,?!, 

where ji is the osmotic pressure of the Ions and P is a constant. 

It follows that if 0-82 volt is rcquiresl to decompose a molar solution of 
silver sulphate, (0 82 +0 058 Iog,«10) = 0 878 volt will Iw required for a 
dccimolar solution, 0 030 volt fur a ccntiniolar solution, and so on. Tims, 
in the case mentioned above, electrolysis will stop when the concentration 
of silver ion In solution is reduced to about mllHmolar, so that, although a 
completely quantitative separation of two metals by electrolysis is theo- 
retically impossible, a separation goofl enough for practical purposes can 
be achieved, provided the electrode iwtcntials of the two nietnls involved 
are sufficiently dissimilar. 

It follows, from what h.as been said already, that, if a molar solution 
of copper or silver, to which dilute acid has been added, is clcctrolj'scd, 
practically all the copper or silver can be deposited before any liydrogcn 

ClIEV. l\it. 8 
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will be evolveil from the cathode. But if on nttempt is made to dejiosil 
an clcctro-ncg'ative nictnl such ns zinc from a solution, molar both with 
respect to the zinc and to hydrogen ion, the current will spend itself in the 
production of hydrogen gas and no metallic zinc whatever will be obtained. 

The Pjj of the solution will have to be increased to = 13 before any. 

zinc will be deposited, although, iii practice, this metal can be obtained 
from less alkaline solutions. Similarly, as tlie Pjj of solutions from which 
metallic sodium could be obtained would theoretically be about 47, 
sodium camiot be deposited in the' presence of water. Thus, the inter- 
mediate electro-negative elements can be <lepositetl only from weakly 
acidic or alkaline solutions. 

Furthermore since metallic ions usually diffuse extremely slowly, the 
.solution immediately near the cathode may be denuded of the metallic 
ion ; therefore, although the average concentration of the solution would 
seem to make hydrogen discharge unlikely, the local concentration may 
make it possible. If metal and hydroge'n ions are being deposited 
simultaneously, the deposit is likely to be non-adlierent and porous. A 
porous deposit will probably contain entrapped mother-liquor. To 
overcome this effect it is either necessary to use n low current density, in 
which case the electrolysis will fake a long time, or to. increase the speed nf 
migration of the Ions by heating the solution, or by violent stirring. 

Apparatus 

Tile simplest form of apparatus is shown in Figs. 03, 04 and OS. It 
consists of an anode (Fig. 03) and a cathode (Fig. 04), usually of platinum. 



Fic. oa. FiO. 91. 
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although, for certain specific analy&c.s, other metals can be employed. 
These electrodes and the electrolyte are arranged as .sho\vn in Fig. 05. 
When It is necessary to carry through a large number of similar determina- 
tions, the anodes and cathodes can be held by two bars in such a way that 
a large number of the cells are in parallel with each other. 

They chief objection to this form of apparatus is that tlie electrolyte 
is not stirred, and therefore the current density must be low, and, in 
consequence, the deposition of the mclal may take hours. For examjdc, 
with Sauid’s rotating electrodes (described below) it is possible in twenty 



ELECTRODEPOSITION A NA L YSIS 


227 


minutes to depo,sit quantitatively ft weight of copper wJiieh would require 
some ten hours Vy the simpler apparatus. Even after the expiration of 
ten hours some of the copper would probably be left in the solution, and 
for exact work a supplementary colorimetric determination of this residue 
would be required. 

Rotating Electrode. An apparatus suitable for the rapid determination 
of many of the metals is shown in Figs. 90 to 90. The cathode (Fig. 06) and 
anode (Fig. 07) arc made of platinum gauze. Suitable dimensions for the 

i 

Fir*. 00. Gauze Cathode. Fic. 07. Gauze Anode. 



cylindrical part of the electrodes arc 4 and 3 0 cm. in height and 3-5 and 
2 5 cm. in diameter, respectively. The gauze should not be too fine, fourteen 
strands of 31 S.W.G. wire to the linear centimetre being a suitable size, 
and small recesses or roughnesses on the surface of the cathode should be 


avoided as far as possible, because these arc apt to contain 
electrolyte which is trapped by the spreading film of 
deposited metal. 

The method of fitting the electrodes together is shown in 
Fig. 98. The electrodes arc insulated from e.ach other by a 
glass sices c. A. The top of this sleeve should be smooth, 
but slightly helled out so that it is impossible for the tube 
to sbj) down the stem of the anode. The bottom of the 
.sleeve sliould also be sinoolli, but neitber larger nor 
smaller than the average diameter of the tube. It is most 
important tliat this tube should be the correct size. The 
anode, 1), sliould just be able to turn easily in it, while the 
cathode, C, sliould fit it tightly. If the internal diameter is 
too large, the electrodes arc apt to wobble whert the anode 
is running at a liigh .speed. This may cause loss in weight 
of the anode through abrasion ; at best, it causes unnecessary 



noise. The cathode is held tightly, but not too tightly, in Fio. 08. 
a stand whose jaws, DD, are covcml with thin platinum AnaANomtEsi 
foil so that an electrical connection can easily be made. 

The anode is attached, by means of a close-fitting rubber 

tulie, F, to a brass rod, E, which can be rotated. Electrical connection 


is made here by a platinum .spring, G. The circuit is outlined in Fig. 99, 
Till- hniss ro<l, S, to which the anode is fitted, carries a pulley wheoU P, 
ahull e.m he rotated hy an electric motor. A battery of clgiit aecumii-' 
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lators so arranged that current can be taken from as many of the cells as 
is desired, is a convenient source of current for the electrolysis. The 
positive terminal is connected through an ammeter, A, to the anode. The 
negative terminal is connected to the cathode thorough a small variable 
resistance, R, and a key, K. A voltmeter, V, is connected across the 
-anode and cathode as shown. 



Fig. 00. GcNcnAt AnnANOEJfENT oe Eu:crRODEi>osmoN ArPAitATUs wixn 
Rotatino Akodk. 

Narrow beakers ensuring the smallest practicable volume of liquid 
between the cathode and the glass, arc most suitable for use as blcctrolytio 
Vessels. The apparatus shot^d be so arranged tlmt the beaker can be 
removed easily •without touching any part of the apparatus, and so that the 
electrolyte can be warmed ^vhen necessary. 


Determination of Copper 

Stalionary Elecirodes, For practice, weigh out about 0'3 grm. of copper 
into’a 150-mI. beaker. Cover with a watch-glass and dissolve the copper 
in the least possible volume of 60 per cent, nitric acid. Heat gently if 
necessary. When solution is complete, partially remove the cover and 
boil off nitrous fumes. Cool. Wash down the watch-glass and the sides 
of the beaker. Neutralise with ammonia. Add 3 ml. of sulphuric acid 
and 2 ml. of 4 : 1 nitric acid (which has been boiled to expel any oxides of 
nitrogen), and dilute to 100 ml. Electrolyse with a current of about 
0-5 amp. and a potential difference of about 2 volts. Tlie beaker should 
be covered 'with a split watch-glass to prewnt loss by spraying. Deposition 
vrill be poetically complete after eight hours. Either continue until it is 
complete,! or break off the experiment and determine the residual copper 
colorimctrically. 

The cathode may be prepared for weighing as follows ; Rinse it thrice 
with distilled water, once with methylated spirits, and dry it in a steam- 
oven. Allow it to cool in a desiccator for a short time (three to five minutes) 
before •^ig^ing it. For results of the highest accuracy, prepare and weigh 
the catho^ before and after the deposition of the copper in exactly the 
same way.\ 

If tlie dew>t bright and clean, the cathode can be used at once for a 
second If desired, the copper can be removed from a 
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platinum electrode by dipping in hot, 60 per cent, nitric acid. If the 
deposit is small, it is a good plan to do this and to determine the copper in 
the solution colorimetrically (p. 238) as a check. 

The time required for the analysis can be reduced to about two hours 
by maintaining the electrolj'te at 70® to 80® C., but, unless the conditions 
are correct, the copper may" be precipitated in a spongy form or it may be 
oxidised. The solution must be absolutely free from chlorine, which causes 
the copper to deposit in spongy form, and also partial solution of the anode 
and deposition of the platinum on the cathode. 

Note. Test qualitatively for copper in the electrolyte by the 
diethyldithiocarbamate method fp. 23D) as foIloM's ; Withdraw 2 drops of the 
solution and place them on a white tile. Add 1 drop of a solution containing 
200 grm. of citric acid per litre, to prevent interference by iron, if present. 
Make alkaline with a drop or two of 0 880 ammonia, to prevent interference 
by zinc, if present, and add 1 drop of a 0*1 per cent, solution of the reagent. A 

dark bromi colo’— -* — 

This test has : ■ . . sensitive. It can detect 

0 001 milligram • ‘ • In this particular case, the 

electrolysis can , • ' milligram of copper is left in 

solution, and this quantity will give a marked reaction. It is therefore advisable 
to have a solution containing 0-1 milligram of copper per 100 ml. at liand, and to 
compare the reaction obtained from 2 drops of this standard with that from 
2 drops of the electrolyte. 

In the absence of interfering elements, the ferrocyanide test (p. 239) is to be 
preferred. 

Roiallng Electrode in Sulphuric Acid. Clean the c.'ithode, dip it In 
methylated spirits, ond dry, cool, and weigh it under standard conditions. 
Revolve the anode by hand, and make sure that it is running freely without 
abrasion. Connect up the current and again rotate the anode. If the 
needle of the ammeter flicks, there is a contact somewhere between the 
anode and cathode. Start the motor, sec thot it is not running too fast, 
and that all is in order. Stop the motor. 

Meanwhile the copper should have been dissolved in tlie least possible 
quantity of 50 per cent, nitric acid, using the beaker to be used in the 
electrolysis. Rinse in the cover ond wash do^vn the beaker, using the 
least possible quantity of water. Add 0 to 7 ml. of dilute sulphuric acid, 
suflicicnt to convert the copper rdlrate to sulphate, and evaporate until 
dense white fumes are evolved, to expel the nitric acid. Cool. Dilute to 
60 ml. with water, and neutralise svith ammonia. Add 20 ml. of normal 
sulphuric acid and bring the volume of the solution to 100 ml. 

Arrange tlic electrodes in the solution and cover the beaker with a 
split watch.glass. At the beginning of the experiment, all the external 
resistance should be in the circuit, so that only a small current will be 
passing. Start the motor, and raise the current to 0 5 amp. ; three lead 
accumulators should be suflicient. IVhcn the platinum has been covered 
by a visible film of copper, reduce the external resistance until the current 
is about 2 amps,, when the potential difference between the electrodes will 
be about 2*5 volts, and heat the contents of the beaker to about 70“ C. 

After some fifteen minutes the solution will be practically colourless. 
At this stage, wash in the spray from the watch-glass and from the sides of 
the beaker. Test the solution with diethyldithiocarbamate or ferrocynnide 
(sec Note above). Leave the current on and the motor running, and 
remove the electrolyte by means of a re^•c^scd 100*ml. pipette (so thot 
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the liquid enters tiirough the wide end), and at the same time add distilled • 
water, keeping both electrodes ahvaj-s covered. ■\Mien all the eleetrolyte 
has been replaced by distilled water, there is no risk that the deposit >vill 
redissolve, and the ammeter should now indicate less than 0*1 amp. 
Remove the second beaker. Cut off the current. Stop the motor. Remove 



the cathode, dip it in spirit, 
«lr>' and weigh it. 

Sotating Electrode in Nitric 
Acid. Take 0-5 grm. of 
copper, or that quantity of 
a copper alloy which is 
thought to contain 0-5 gnn. 
of copper, and dissolve the 
metal in 10 ml. of concen- 
trated nitric acid, using tJie 
same cos-ered beaker in 
which it is to be electrolysed. 
Boil off the nitrous fumes. 
Cool. Add ammonia until 
the blue colour of the com- 
plex ion is jus.t developed, 
or until a precipitate just 
forms. Add suiTlcicnt nitric 
acid to give a concentration 
of 0 mb of the concentrated 
acid per 100 ml. of the final 
electrolyte. Dilute, and add 
a fe^v crystals of urea to 



remove completely any traces 
of nitrous acid. Cool, to at 
least 20*^ C. Electrolyse ns 
before, starting with a low. 
current and increasing to 
1'5 amp. after a short time. 
As soon as the solution is 
colourless, ^v’ash in the spray 
and add about 0*5 grm. of 
urea. Continue the electro- 
lysis for three minutes. Test, 
wsh, disconnect, and dry ns 


EixcrnoDErosniON of Copfeit. (Onc-tlUrd before. 


actual size.; 

J, Condenser. Jig, Slcrcury contacts. Pt, Note, A large excess of nilnc 
Platinum hook. M, Micro-bumer. acid is required to dlssohe the 

metal, and the neutralisation of 
tlus excess produces a considerable quantity of ammonium nitrate in the solution. 
This is desirable, because copper is more easily precipitated in a bright and 
coherent form in the presence of this salt. Care sliould be taken, when removing 
the nitrous fumes, to avoid the loss of much nitric acid. 


The Micro-EIectrodeposUioa o! Copper is very easily carried out by 
the apparatus shoivn in Fig. 100 j a sensitivity of 0 005 milligram is 
obtainable. The eicctrolysis vessel is the cutmif base of a boiling tulie, 
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in the lop of which is supported a test-tube (I), containing \rater, to serve 
as a condenser. Tlie cathode is the platinum gauze cylinder, 10 mm. in 
diameter and 30 mm. long, and it encircles the platinum wire anode as 
sliowm, without touching it. The terminals nre connected in scries with 
two accumulators and a sliding resistance ; and independently, to the 
terminals of a voltmeter in parallel. 

Wash the cathode in nitric acid, and rinse, ignite and weigh it. Place 
the solution to be analysed (containing about 1 milligram of Cu) in the 
lower tube so as Just to cover the cathode, add 1 drop of dilute sulphuric 
acid, bring just to the boil by means of the micro-burner (M), and connect 
up the circuit as described. During clectrolj'^is keep the solution boiling 
gently, and adjust the resistance- so that the sTDltagc is always 2. After 
about fifteen minutes, lift out the two electrodes together, and rapidly 
wash the cathode. Then dip it successively in alcoliol and in ether, dry 
it high above a Bunsen flame (so that the ether does not ignite), and 
reweigh it. If the weight is small, check it by dissolving off the deposit in 
acid and matching it colorimctrically (p. 238). 

Determination of Nickel and Cobalt 

Nickel, an electro-negative element, is usually deposited from a strongly 
ammoniacfll soluti(ya of the sulphate, though ammonincal solutions of the 
nitrate or the chloride may be used, provided certain precautions arc 
taken. The determination may be carried out rapidly m’th the rotating 
electrode. 

For pmcticc, weigh out about 2 grm. of nickel ammonium sulpliate, 
XiSOi (XII|)tS 04 , 011 , 0 , directly into, a suitable beaker, and dissoh'c 
the salt in a little svatcr. In order to increase the conductivity, add 8 grm, 
of ammonium sulphate for everj' 100 ml. of final clectroljie, which should 
also contain 23 ml. of concentrated ammonia (sp. gr. 0 880). Warm to 
30* C., and electrolyse, using a current of nl>out 1-5 amp. at a potential 
difference of 2-S to 3 volts. Four accumulators will iirobably be required. 
Deposition should be complete in about half an hour. Wash in the spray, 
and test for nickel by adding a drop of the solution to a drop of freshly- 
made ammonium sulphide solution on a white tile. If there is at first no 
brown stain of nickel sulphide, rcihicc the alkalinity of the liquid on the 
tile, liccausc nickel sulphide is .somewhat soluble in a strongly ammonlacal 
solution of ammonium sulphide. 

The deposit of nickel on the gauze cathode should be bright and shining. 
It is washed, without lircaklng the current, cicanetl and dried, in exactiv 
the same way as in the determination of copper (see above). TIic gauze 
may lie used again without treatment, or the nickel may l>e dissolved in 
boiling nitric acid. 

At tlie start of tlic dc|K)sition, a dark-broam deposit may appear. 
This may dissolve and cause no tmiible. Its continued presence is a 
sign cither that tiie solution docs not tunlnin enough ammonia or 
ammonium sulphate, or that the ciirrcnt-tlcnsity is too high. The current- 
density should be low, until a shining film of the metal lias been provided ; 
it may then In* Increased. 

Cobalt cna be dpiermiuci! in exactly llie same wav as tiickeh .\s it h more 
r.isily oxidi'csl thui iiiekrl, (he results mav l»c high.' They nny also be low as 
somptimes cotialt dioxide is dciv>.itc«l on the nnwJe. If is advisable, therefore 
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to reduce the current to about one>ba)f of that required for nickel and to reduce 
the potential difference correspondingly. 

On electrolj'sis, an anunoniacal solution containing copper, nickel and cobalt, 
deposits tliese three metals quantitatively on the cathode. It is usual to remove 


Determination of Cadmium 

Although cadmium can be deposited from a solution of the metal in 
dilute sulphuric acid, quantitative results are easier to obtain by using an 
alkaline cyanide solution. 

Dissolve about 0-4 grra. of cadmium (as the sulphate) in a little water. 
Add 1 drop of phenolphthalein, and run in dilute sodium hydroxide until 
a permanent red colour has been obtained. Add a 10 per cent, solution 
of potassium cyanide until 'the precipitate has completely dissolved. 
Tlie liquid must be stirred when this addition is being made, and a large 
excess of the cyanide must be avoided. Dilute to 300 ml. Heat to GO" C., 
and electrolyse with a current of 0*3 amp. which may shortly be increased 
to 0-S amp. The metal should deposit as a silvery*white film. Provided 
the platiniun cathode is not heated above 300" C. when it is dried, there is 
no need to protect the platinum witli a coating of copper, as with zinc 
(see below). 

The solution may be tested for cadmium by withdrawing some drops 
of it with a pipette, removing the cyanide by heating the liquid in a clean 
white dish with a little dilute hydrochloric acid, and by adding a few drops 
of saturated HjS-water. The absence of a yellow coloration may indicate 
that precipitation is complete. This coloration will not appear, even if 
cadmium is present, if there is too much hydrochloric acid in the dish. 

The cyanide must not be removed In the open laboratorj’. 


Determination of Zinc 

Zinc can be deposited from alkaline, nmmoniacal, or weakly acid solutions. 
C ' ’ ’ I , . .. f . - » easily alloys with and 

• • ... cathode to cover it 

. I , , ' ■ « . • ’ • . ' This is done by using 

I , ' . • • . . ; ’ le electrolytic method, 

but the method is included here as it is an instructive exercise. For practical 
purposes, the determination of zinc volumctrically as ferrocyanide or gravl- 
metrically as oxide is to be preferred. 

Alkaline Solution. Take about 0*3 grm. of zinc, or the corresponding weight 
of zinc sulphate. Dissolve the zinc in the least quantity of dilute sulphuric add, 
neutralise %Tith sodium hydroxide and add enough in excess to make the 
concentration of alkali 4N. The solution should be quite clear. Heat to 70" C 
and electrolyse, using a current of about 0 5 amp. at 3 volts. Deposition should 
^ complete in three-quarters of an hour. The solution should be cooled to room 
temperature before the electrolyte is removed. . If nitrates or ammonium 8.alts 
arc present, it is diOlcuIt to obtain quantitative precipitation of the zinc. 


Acetic Acid Solution, Prepare a solution of zinc in dilute sulphuric acid, or 

ofz- -- * n 1 ...... «frinc. 

Can 

evci ■ 

per ■ 

As . . . ’ 

precipitated quantitatively only at temperatures below S0*C., it may be 
necessary to stand the “beaker in a vessel of cold water. TIjc solution may be 
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Determinaiion of Tin 

Tin can be deposited quantitatively from oxalate solutions, using 
stationary electrodes (p. 226). As the film of tin is difficult to remove 
from platinum, it is well to cover the cathode with a thin layer of 
copper. 

The solution should contain not more than 0'3 grm. of tin, together 
with 10 gnn. of solid potassium hydroxide and 10 grm. of oxalic acid 
crystals, 'per 100 ml. If this solution is not clear, boil it. Electrolyse- 
at 05® C., using a current of 1 amp. The deposition will be complete 
after about six hours. The loss of water during the course of the 
experiment must be made good, and the cathode must be washed in 
cold water before the circuit is broken. 

To test whether all the tin has been removed from the electrolyte, 
acidify a few drops with dilute sulphuric acid, destroy the oxalic acid by 
heating with a small excess of potassium permanganate, just decolorise 
•with hydrogen peroxide, and add HjS-water; a yellow colour or precipitate 
indicates the presence of tin. 

Determination of Lead 

It is difficult to deposit lead in'suitable form on a cathode, but easy to 
collect it as lead dioxide on an anode. 

Weight out about 0 2 grm. of lead nitrate and dissolve the salt in water. 
Make up the solution with 20 ml. of concentrated nitric acid (sp. gr. 1*4) 
per 100 ml. of final electrolyte, and add 1 grm. of copper nitrate. Clean 
and weigh the rotating anode. Electrolyse at 60® C., using a current of 
about 2 amps, at 2 volts. Deposition will be complete in about half an 
hour. Wash and clean the anode in alcohol in the usual way, but dry it 
in an air-oven at 230® C, It is difficult to dehydrate the dioxide com- 
pletely, and the results may be slightly high. 

The coating of lead dioxide can be removed from the anode by dipping 
it into a beaker containing warm, dilute nitric acid to which a little cane 
sugar has been added. 

Note 1. In accurate analj'sis, U is better to use the electroIjHic method only 
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Slany other metals can be determined by electrodeposition. Of these, silver, 
iron and manganese are perhaps the most important, but the volumetric methoi 
available are far superior both in speed and in accuracy. 
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COLORIMETRIC ANALYSIS 

Colorimetric analysis may be dePined as analysis which depends upon a 
change in the intensity or shade of colour due to a chemical reaction. 
Many metals, non-metals and a large number of organic compounds can 
now he determined by this method, which is particularly suitable for 
small quantities. Colorimetry is often much more rapid than any other 
form of analysis. On the other hand, the method may lead to inaccurate 
results, because it depends on the matching of two colours. A person who 
has a poor perception of colour cannot hope to be verj' successful, and, 
on the other hand, persons who arc extremely sensitive often fail. A 
colour, besides having a dehnilc intensity, has a definite tint, and it is 
sometimes diiTicult to obtain two solutions of exactly the same tint. 
AVhen the tints differ, the more sensitive the eye, the less satisfactory the 
method. 

Four colorimetric processes are in general use. Of the four, the most 
important is the balancing method. Tsvo tubes of the same dimensions 
and of colourless glass arc taken. Solutions of the sample to be analysed 
and of reagents to develop the colour are put into the first. A standard 
solution of the compound of approximately the same concentration as the 
sample, together with the same quantities of the reagents, are placed in 
the second. Wien viewed from above, the solution which contains more 
of the active compound wit! have the more intense colour. On diluting 
the strong solution and again viewing from above, there will be little or no 
change in colour, because the quantity of the coloured substance in the 
field of view remains the same. As there may be a small change due to 
dissociation or to some other effect, it is essential that the standard solution 
has not only approximately the same concentration but also the same 
volume as that of the sample. The colours may be matched by ndth- 
drawing kno>vn volumes of the dccpcr-coIourcd solution. MTicn the 
colours are the same, the same weights of compound arc being viewed. 

The wthdrawal of solution from the tube is a clumsy and inaccurate 
process, but it is not necessary to withdraw it from the vessel, but only 
from the field of view. This can be done by inserting a smaller empty 
glass tube into the comparison ttjbe, and viewing only the column of liquid 
between the bottom of the small tube and the bottom of the larger tube. 

A less efficient method of balancing the colours by removing material 
from the field of view is to dilute the more deeply-coloured solution untd 
the colours match when viewed horizontally through the tubes. This is 
the method of dilution. 

The third method is the method of daplication. As in the balancing 
method, the sample is placed in a comparison tube and suitably treated. 
Into an exactly similar tube are put some water and the reagents. A 
standard solution is then run in from a burette until the colours, when 
viewed from above, arc nearly t)ie same. At this point, the two solutions 
are brought to the same volume and the colours made exactly the same 
by the addition of a few final drops of the standard. In theory this 
method is the best. In practice it often does not give accurate results, 
l»ecjujsp the colours often chnngo with time mid are also infiiicncc*! by the 
manner and order in which the reagents nrc added. Many of the coloured 
substances are colloid.al. The size of the colloidal jiarttelcs, ulilrh greatly 
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influences the intensity and tint, depends on the method -ot mixing. 
For example, the colour produced by taking 50 ml. of a standard and 
adding the reagents may be quite different from that obtained by taking 
the reagents and adding the 50 ml. of standard slowly from a burette. 

The fourth method consists of making up a series of coloured 
standards to cover the range of concentration of the samples in a set of 
tubes. The colour of the sample is developed in a similar tube and the 
colours are matched by looking horizontally through the tubes. When n 
large number of determinations are to be carried through, this method is 
undoubtedly the most rapid and convenient. Unfortunately in only a 
few cases is it possible to make up a series of permanent standards, because 
either the colour fades or the colouring sulwtance is precipitated. 

Enough has been said to indicate tliat colorimetric analysis is by no 
means straightfonvard. Great care must be exercised and possible sources 
of error must always be kept In mind. 

Colorimeters. Many forms, some of them very costly, have been devised, 
but for ordinary laboratory 
work simple apparatus only is 
required, such as a set of Nessler 
tubes (Fig. 101). These tubes 
should be of colourless glass, be 
of uniform bore, and have flat, 
polished bottoms which match 
optically. A test for this pro- 
perty 19 made by filling the 
tubes to the mark with distilled 
water. Tubes graduated at 30 ml. 
arc' of a convenient size, provideil the height of the 50-ml. mark is about 
20 cm. It is convenient to have all the lubes in a set of exactly the 
same dimensions. They should be kept in a Nessler rack (Fig. 101) — a 
test-tube rack painted a dull black with an opal-glass reflector mounted 
at the bottom, and with the bacc suitably bored so that light can be 
reflected up the tubes. 

Some form of colorimeter should also be awiilable. A Duboseq-type 
colorimeter, such ns shown in Pig. 102 , is perhaps the most convenient. It 
consists of a metal stand which holds two glass cylinders with blackened 
sides and transparent bases. Tlicse cylinders are cup-shaped at the tops, 
and should be alike in nil respects. In them are supported two smaller 
cylinders (which also have transparent bases and blackened sides), in such 
a way that the lower cylinders can both be moved up and do^m inde- 
pendently of one another by means of a screw motion, while the top 
cylinders are fixed. The length of this mo^•ement is measured on a scale 
on the side of the instrument. 

At the base of the instrument is a source of light, rays from which arc 
reflected equally up tlirough both pairs of tubes by the inclined opal glass 
reflector. In the top of tlie instrument is ah arrangement of prisms 
which enables the -two disc-shaped fields representing the two cylinders 
to be seen as the two halves of the same circular field through the 
eyepiece at the top. 

The coloured sample is placed in one of the wide-bottom cylinders and 



Fig. 101. Nessler Tubes and Rack. 
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a standard of similar concentration in the other, and tlie apparatus is then 
arranged so that the bottom of the top cylinder is just below the surface 
of whichever solution is least coloured. The other top cylinder is tlien 
moved imtil the two halves of the disc match exactly, when the concentra- 
tion of the sample can be obtained from the formula : 

CL = cl, 

where C and c are the concentrations of the sample and standard, and L 
and I the heights of the respective columns of liquid. The tube containing 



the least concentrated solution is then moved Up some 3 or 4 cm. The 
height of the other column is then adjusted. In this way the average of 
three or four readings may be obtained from the same solutions. 

This colorimeter thus allows solutions to be balanced by removing 
liquid from the field of view, though the liquid still remains in the vessels. 

Note. For highly accurate results colorimeters of this type should he c^ihrated 
before use with the particular solutions which it is proposed to use in them. 
Thus, varying but known quantities of the substance to be determined are 
placed (with the reagent) in one of the vessels, and the resulting coloura arc 
matchea by -varying the height of the liquid column of a standard solution in 
the other vessel. A calibration graph may then be drawn relating the scale- 
reading on tbis^ide of the instrument with the concentration of substance under 
investigation, and this curve Is used suteequently in making actual determina- 
tions. The advantage of this method is that it corrects for any optical Inequalities 
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between the two sides of the coJorimeter, as well as for any deviation in the law 
of simple proportionality between the colour intensity and the concentration of 
active constituent. 

Determination of Hydrogen Ion Concentration (see also p. 205). An 
almost neutral water, such os ordinary tap-water, will serve as an example. 
Further information can be obtained from the books listed on p. 518. 

Bromothymol blue, an indicator of Pj, range 6-0, yellow, to 7-G, blue, is 
suitable. Use a solution made by dissolving 0-4 grm. of the indicator in 
0-4 ml. of decinormal sodium hydroxide and diluting to 1 litre. Other 
suitable indicators are bromophenol red and phenol red ; solutions ore 
made by dissolving 0-4 grm. in 7*8 ml. of O'l N. NaOH and 0-2 grm. in 
G-G ml. of 0*1 N. NaOH, respectively, and diluting to 1 litre. Their Pn 
ranges are as follows : Bromophenol red, 5*2, yellow, to 6-8, red. Phenol 
red, G-8, yellow, to 8-4, red. 

Put 40 ml. of the water under test Into a Nessler tube, and odd 2 ml. 
of the indicator solution. Suppose that a Pn of about 7-0 is indicated (for 
instance, by a universal Indicator, p. 405). Make up two buffer solutions 
of Pu G'8 and 7-2 respectively. In similar tubes, .using one-fifth of the 
volumes of the reagent solutions recommended (Table, p. 405). Add 0-2 ml, 
of the indicator to each, and compare their colours with that of the water- 
sample. Suppose a ^bracket ” has been obtained, but that the colour of 
the sample corresponds more nearly with a Pg of 7>2. Make up a third 
buffer solution of Pg 7-0 and compare again. From the comparison, 
judge whether the water-sample has a Pn of 7-0, 7*1, or 7-2. 

Tlie method described above fa reasonably accurate when the water to be 
tested contains a considerable quantity of bicarbon.ate and, therefore, is.itself 
buffered. With very pure water, however, there is a danger that the indi'eator 
will merely show its own natural P,. To test whether this is in fact happening, 
repeat using either bromophenol red or phenol red, as seems most suitable. 
Tne natural P,i of these Indicators is different from that of bromothymol blue, 
and If the P„ of the water in the two cases is sliown to be the same, the water- 
sample must be sufficiently buffered. 

It follows that the indicator method Is unreliable for measuring the Pg of very 
pure water ; the electrometric method (p. 20>) must be used. 

Determination o! Iron, (a) As Fenocyanide. tVlicn a solution of a 
ferric salt is treated svith potassium fcrrocj’nnide, on intensely blue 
prccipitntc of ferric fcrrocj'onidc is produced. A colorimetric determination 
of iron can therefore be based on this reaction. It applies only to ferric 
iron, ns the corresponding ferrous s.alt is colourless; and if the iron is* 
present only in verj' small quantity (c.g., in water), because tlic colour is 
intense. If any iron is present in the ferrous state it may be converted to 
the ferric state by oxidation with hydrogen peroxide ns described. The 
method can thus be used to determine ferric iron and total iron. 

Take the solution to be tested for iron and concentrate it or dilute it 
until it contains about 2 milligrams of iron per litre. Shake up a standard 
solution of iron containing about 20 milligrams of iron per litre by dis- 
solving 0-14 grm. of ferrous ammonium sulph.atc In a little dilute sulphuric 
acid, precipitating witli ammonia, oxidising the hydroxide by heating it 
with a few drops of hj'drogen peroxide, and rcdfasolving in sulphuric acid, 
and making up to 1 litre. 

Take 50 ml. of the unknmvn solution nnd 5 ml. of the standanl in two 
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tubes side by side. Dilute the standani to about 50 ml. To each add 1 ml. 
of concentrated hydrochloric acid, and 1 ml. of a solution^jf the potassium 
ferrocyanide containing 10 grm. of the salt per litre. IVD’x thoroughly, 
wait fifteen minutes and match the colours by diluting, or, better, by the 
method of balancing. The suspension of ferric ferrocyanide can be 
temporarily stabilised, if necessary, by the addition of 1 ml. of a 1 per cent, 
solution of gum arable. 

(6) As Thiocyanate. ■^V]len a solution of ferric iron is treated with 
potassium thiocyanate under certain conditions, a complex, red-coloured 
ferric thiocyanate is produced. The colour is very sensitive to the 
presence of certain acids nitric, oxalic, phosphoric), it fades on 

standing, and it is propiortional to the iron content only over a limited 
range of iron concentrations- Good results can therefore only be obtained 
if the sample and the standard are alike in nearly all respects, and if they 
are treated in exactly the same way. 

To determine the percentage of iron in commercial zinc by this method, 
make up a standard solution containing about 0*1 grm. of iron per litre 
by dissolving 0-7 grm.. of ferrous ammonium sulphate in 10 ml. of dilute 
sulphuric acid and diluting to 1 litre. 

Take 5 ml. of this solution in a small beaker, and add 2 grm. of 
iron-free zinc carbonate. Take 1 grm. of the zinc*in a second beaker. 
Add a little water to the contents of each beaker and dissolve the 
solid in 8 ml. of concentrated HCI. ; add a few drops of KMnO^solution, 
and boil to oxidise the iron.' A permanent, faint pink colour on boiling 
indicates that oxidation is complete, and this is discharged by the addition 
ofa few drops ofHCl and boiling. Cool. Transfer to the comparison tubes 
and dilute to 50 ml. Add 2 ml. of ammonium thiocyanate solution made 
by dissolving 50 grm. of the crystals in 100 grm. of water, Mix well. 
Compare the colours by balancing. If the two solutions are not of 
approximately the same concentration, the determination must be repeated, 
using either more of the standard solution or of the zinc. / 

T' ■ . ' ‘ • ■ V T" ' ’ ■ late method can be made nioru 

■ ■ ■ . *'10 ferric thiocyanate complex is 

■ ' S' . ^ ^shilc many of the salts which 

bleach the colour and othentise interfere are insoluble in that mixtiire. 

Tlie solution to be tested should cootain about 0-02 milligram of iron in 5 ml 
Develop the colour as described above, and sliakc the solution m o small 
separating funnel wtli successive 10-nil. volumes of a mixture containing equal 
. volumes of amyl alcohol and ether. Pour off the red-coloured solvent-layer each 
time, and when this has only a pale brown shade, bulk the extracts and match 
them against those obtained from the standard solution of iron by ^he same 
procedure! 

This method is suitable for the deterroin.'ition of iron in glass ana porwlam. 
The finelj’-ground material should be fused with potassium hydrogen sulpnaxc 
and then dissolved in water. A corresponding quantity of iron-frw material 
similar in kind should also be fused under the same conditions, and added to the 
contents of the standard tube. 

Determination of Copper. Tlic onlcr of the three methods describeil 
corresponds svith on increasing degree of sensitirity. 

(a) Sy Ammonia. The ammonium Ion reacts srith the cxipric ion to giv^ 
the complex ion [CutNH,),]'*"*’, which has an intense blue colour. This 
is verj' sensitive to changes in tempeiature and to the presence of other 
ions. For example, the colour ohtniiicd !>y adding ammonia to a solution 
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of cupric chloride is quite different frum that given by an equivalent of 
cupric nitnile. It is therefore safer to convert the copper to sulphate 
and to use copper sulphate as the standard. The quantity of copper taken 
should be such that the final solutions contain about 0 012 grm. per litre, 
i.e., for the standard, take 10 ml. of a solution containing 0 12 grm. per 
litre for a final volume of 100 ml. Amiiionui should be added to both the 
solutions until the blue colour is fully developed. Further dilution should 
be with 3 X. ammonia (concentrated ammonia diluted to five times its 
volume). 

(6) As Pcrrocijanide. When neutral elutions of potassium ferrocj’anide 
and copper arc mivcd, a brown colour or a chocolate precipitate of cupric 
ferroewnkle CujFcC,Xt, is produced. If the correct conditions are 
chosen, 1 grm. of copper in 2,500 litres of water can be detected by this 
test. 

To determine copper in burnt pyrites, for example, take 1 grm. of the 
pyrites In a small crucible, unglazed on the outside, and roast the ore 
over a Bunsen until all the sulphur has been removed. Cool, and digest 
the ore with concentrated HCl, adding o drop of nitric acid from time to 
time. Add 2 ml. of concentrated 1I^0| and evaporate until most of the 
volatile acids have been removed. Cool. Dihitc slightly, and add ammonia 
until alkaline. Ilemove the iron by filtration. Dissolve tbc precipitate 
in the least quantity of dilute sulphuric acid, reprecipitatc with ammonia, 
filter, and add the runnings to the first filtrate. Boll this until excess 
ammonia has been removed. Cool ond make up to n known volume, and 
take a suitable portion or, if the copper content of the pjTites is below 
0-1 per cent., place all the solution in the first comparhon tube. 

The standard is made by dissolving a suitable quantity of pure copper 
sulphate in water, adding ammonia until alkaline, and boiling off the 
excess of ammonia, in parallel with the assay ; it should contain O-l grm.' 
of copper per litre. 

Take 6 ml. each of the standard and of the solution of sample. Add 
water until the volumes of each arc the same, conveniently 45 ml. To 
each add 6 ml. of u saturated solution of ammonium chloride, 2 drops of 
concentrated hydrocliloric acid and 5 drops of a 1 per cent, solution of 
potnssiuin fcrrocyanide. Mix well, and mntcli in a colorimeter. It is 
important to add the fcrrocj-anldc to both solutions at the same time, 
liccausc tile copper complex may coagulate. Poor results are obtained 
by adding the standard from a Imrcltc. If no colorimeter is available, 
dilute the more concentrated of the solutions witli water until the 
colours, viewed hori/ontally through the cylinder, match. If tlie solution 
is alkaline, the colour will fade. 

If the copi>cr content of vr.\ter Is to l»c determined, any lead also 
present will give a white turbidity in the liquid due to insoluble lead 
ferrocpmldc ; In tliis event odd n similar quantity of lend, ns a solution 
of lend nitmte, to the standard. Iron, if present, must be removed by 
ammonia (see above). 

(c) Ihj Sodium Diclhtjldilhiocarlamute lX(CtII,),-CS,Xal. When this 
reagent is added to an acidic, neutral, or alkaline solution of copper, a 
golden-brown colour is produced. The test will determine less than 
1 part of copjicr in 100 million parts of water. It is of particular use for 
determining cop|>cr In drinking water ; or in solutions from which nearly 
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all the copper has been remo\-ed by electrodcpositi'on (p. 220). Interference 
by zinc is negligible, provided the solution is strongly ammoniacal ; iron 
in small quantity does not interfere, provided that a considerable quantity 
of citric acid is present. The interference of other 'metals can be avoided 
by taking advantage of the fact that the coloured copper compound is 
soluble in carbon tetrachloride. 

The standard solution should contain about 10 milligrams of copper 
per litre. Such a solution can be made by dissolving 0-393 grm. of 
CuSOi.SHjO in water and diluting to 300 ml., and by taking 10 ml. of 
this solution and diluting to 1 litre. Use a 0-1 per cent, aqueous solution 
of the reagent. This is somewhat unstable, but will keep for several 
weeks if stored in the dark. 

Normally, make the solution slightly ammoniacal. If iron is present, 
oxidise it, add 2 grm. of citric acid, and make the solution alkaline ; if 
zinc is present, make the solution strongly ammoniacal. Add tliis solution 
to 10 Dll. of the reagent solution, dilute to about 50 ml. if necessary, and 
balance against a standard capper solution which has been treated in 
exactly the same way. 

T?ie Extraction MeOiod may be used ivhen a considerable quantity 
of ferriclronlspresentorwhenthesimple method failstogiveasatisfactory 
result, as when other interfering elements are present or when the quantity 
of copper to be determined is extremely small. 

Add 2 grm. of citric acid to the sample and to the standard, and dilute 
each to about 40 ml. Add 0-880 amhionia diluted with its own volume of 
wter, until the values of the solutions ore greater tlian 0, Test this, 
using phenolphthalein on a spot'plate. The indicator should turn definitely 
red. Bring the volume of each solution to 70 ml. and add 10 ml. of the 
dithiocarbamate reagent. Mix well and then extract at once with at 
least four successive portions of 2-5 ml. of carbon tetraclUoride. Transfer 
the extractions to small tubes and dilute to 20 ml. with carbon tetrachloride. 
Compare the colours. 

Determination of Manganese. The'metal is oxidised to a permanganate 
by sodium bismuthate, silver persulphate or sodium periodate. The last 
of these reagents gives the best results. 

(a) Periodate, 

2Mn(NOs)4 + Siao* + 8H»0 = 2HMn04 + 5iaOa + 4HNO,. 

The sample to be analysed should be free from reducing agents and 
from chlorides. If it contains an element, other than manganese or iron, ' 
which gives a coloured ion, an equivalent quantity of that element 
should be added to the blank. The final solution in the comparison tube 
should contain about 2 milligrams of manganese in 100 ml. of solution. 

Dissolve the material in a mixture of 15 ml. of concentrated HiSO* 
and 20 ml. of concentrated UNO,. The solution should be boiled to 
make certain that all reducing agents are removed. If the material 
contains carbides, e.g., in steel, it is best to add a little solid ammonium 
persulphate to the boiling nitric acid solution to ensure complete 
oxidation. If the solution contains iron, add 30 ml. of syrupy phosphoric 
acid to bleach the colour due to the iron. If cliloride is present the 
acid solution must be e^Tiporatcd until the chlorine lias been removed. 
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Dilute to 100 ml. and add 0-4 giro, of sodium periodate to the boiling 
solution. Boil for one minute, immerse in boiling water for ten minutes, 
cool, dilute to a suitable volume and compare the colour with that of 
manganese standards prepared by the same method ; or balance against 
one standard. Thus, MnS 04 , 4 Hj 0 , may be used ; or preferably, a 
standard solution of potassium permanganate may be reduced with a 
few drops of a solution of sulphur dioxide (1 ml. of centinormal KMnOj 
contains O-ll milligram of manganese). As permanganic acid is com* 
paratively stable in presence of excess of periodate, standards can be 
kept in stoppered vessels in the dark for three or four months. If a large 
number of analyses is to be carried tlirough, it is convenient, therefore, 
to make up a set of tubes each containing a different concentration of 
manganese. 

(6) Persulphate. Jiapid Method for Manganese in Steel. A standard 
steel similar in composition to the one to be analysed should be available. 
Take 0*1 grm. of the standard and 0*1 grm. of the sample. Dissolve in 
5 ml. of HNOj (sp. gr. 1'2) in test-tubes placed in boiling water in a bath. 
Add to each 7 ml. of centinormal silver nitrate and 0-7 grm. of ammonium 
persulphate in 2 ml. of water. Heat in the boiling water until there is a 
brisk evolution of oxygen. Remove, and cool quickly under the tap. 
Transfer to the comparison tubes, dilute suitably, and balance. As the 
operation is speedy and as the oxidation with persulphate even in the 
presence of the catalyst is unreliable, it is as well to carry out each analysis 
in duplicate, using two standards and two samples. If the colours of each 
pair arc nearly alike, the two standards and the two samples may be 
mixed before matching. If they are not alike, another sample must be 
dissolved and oxidised under slightly different conditions. The colour of 
the permanganate may fade rapidly. 

Betermination of Nickel by Dimethyl Glyoxime. The use of this reagent 
for the g^a^^met^ic determination of nickel was dealt with on p. 02. 
If, however, the amount of nickel is small, a reddish-brown coloration may 
be produced instead of the red precipitate, and this enables 0*2 milligram 
of nickel to be determined colorimctrically. The method may be used in 
the presence of cobalt, but if much of the latter is present, special pre- 
cautions to eliminate its effect must be taken. 

Make the solution to be analysed, which should contain 0-1 to 0-01 
milligram of nickel, slightly ammoniacal, dilute to 100 ml., and stir in 
2 ml. of a saturated solution of dimethyl glyoxime in alcohol. Add 
1 ml. of a 5 per cent, solution of sodium hypochlorite, and match the colour 
against that produced from a standard (which should be developed 
simultaneously) after three minutes. 

A standard can be made conveniently by dissolving nickel ammonium 
sulphate, NiSO 4 '(NH 4 )iSO 4 , 0 HjO, in water. A concentration of 0-673 gnn. 
of this salt per litre gives 0-1 milligram of nickel per millilitre. 

Determination of Aluminium by Aluminon. Aluminon is ammonium 
aurine tricarboxjdate, a dye which can form brilliantly-coloured lakes 
with several metals. The lake with aluminium is bright red, and it enables 
0 002 milligram of aluminium to ‘be detected and 0 05 milligram to be 
determined. The optimum quantity for determination is about 0-3 
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uiiUigram. The reacliou is so sensitive that great care must be exercised 
to prevent contamination from the vessels used. So far as possible, Pyrex 
glass should be employed. Chromium, the alkaline earths, phosphates 
and iron are the most important of the substances which interfere, but, 
witii the exception of iron, their interference in the presence of ammonium 
carbonate is so small that it Is seldom necessarj' to remove them. Iron 
must either be removal or an cquK'alent quantity of it he added to the 
standard aluminium solution. 

Ammonium carbonate decreases the sensitivity of the reagent and, in 
the absence of interfering substances, it is best to use a solution of Pg 0-3. 
This znay be obtained by adding a concentrated solution of ammomum 
acetate to the aluminium solution after it has been acidified with hydro- 
chloric acid. Sometimes tlie lake sliows a tendency to precipitate 
immediately. This can be prevented by the addition of a little gum 
arable solution. 

The deterniination of aluminium in water is described below. 

Tri7/iotd Eemoval of Iron. To a suitable volume of the water, say 
100 ml., add 2 ml. of dilute hydrochloric acid, evaporate to dryness, 
and ignite at a dull-red heat for a short time. Cool. Digest with 5 ml. 
of Nvater wliich Isas been acidifietl with a few drops of dilute hydrochloric 
acid, and remove the silica by filtration. Transfer to a Nesslcr tube and 
place Eui'tnlilc, known quantities of aluminium in a set of blmilar tubes, 
together svith that weight of iron which a previous estimate has slimm 
to be present in the water. A solution containing 0 05 milligram of 
aluminium per miliiUtrc may be prepared by dissolving 0-879 grm. of 
ammonium alum in a little water acidified with hydrochloric acid, and 
dilutin^o 1 litre. Take, say, 2, 4, 0, 8 mb of such a solution in four tubes, 
Bring these standards and the solution for analyses to the same volume, 
say 20 mb Add to each, in the following order, 5 mb of dilute hj'drochlorlc 
acid, 5 ml. of a 23 per cent, solution of ammonium acetate and 5 ml. of a 
OT per cent, aqueous solution of the reagent. After five minutes, add 5 mb 
of dilute ammonium hydroxide and 10 ml. of a solution containing 200 grm. 
of ammonium carbonate per litre. Mix well. Compare the colours after 
fifteen minutes, but before one hour. 

With JRemoval of Iron. Proceed os before. Add concentrated nitric 
acid or bromine water to the filtrate and washings from the silica, and 
boil to oxidise the solution. Remove the excess of bromine by evaporation. 
Dilute to 100 mb and, to precipitate the iron and aluminium, add dilute 
ammonia to the hot solution until it is neutral to methyl red. Filter while 
hot. Dissolve the precipitate in a smali volume of 25 per cent, nitric ncid, 
washing the paper with a little hot vniter. Make this solution strongly 
alkaline with a 25 per cent, solution of sotUum liydroxlde, which must be 
free from aluminium^ Boil and filter. Wash with hot water, and then 
neutralise filtrate and washings with dilute liydrochlorio acid {litmus 
paper), adding 1 mi. of this acidin excess. Cool. Determine the aluminium 
as described*obovc. If the colour develops fully after the addition of the 
ammomum acetate and the reagent, the addition of ammonia and 
ammonium carbonate becomes unnecessary'. 

Detennination of Lead. Advantage is taken of the fact that when 
a soluble sulphide is added to a solution of lead in the presence of gum 
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arable, the lead sulphide is not precipitated, but forms a brown colloidol 
solution. The sample to be anal 3 .'sed should contain not more than 0*25 
milligram and not less than 0-003 milligram of lead. The standard is 
conveniently made by dissolving lead nitrate crj’stals in distilled water 
and diluting to 1 litre. A suitable concentration is 0 02 milligram of 
lead per millilitre (0-1598 grm. of lead nitrate per litre ; 100 ml. of this 
solution are taken and diluted to 500 ml.). To a suitable volume of the 
solution in HCl add 2 ml. of saturated ammonium citrate solution (to both 
stabilise the final colour and minimise interference by phosphates). Then 
make the solution ammonlacal, and add about 0-2 grm. of solid KCN (to 
minimise interference by Fe and C»i). Dilute to 50 ml., and add 3 ml. of 
a fresh 2 per cent, solution of sodium sulphide. Mix well. Make up the 
comparison lube in exactly the same way, first using 10 ml. of the standard 
lead solution and taking care that all the solutions arc at the same 
temperature. Balance the colours Immediately. 

Lead in Drinking iValcr may be determined with some accuracy, in 
the absence of iron and copper, by the addition of 2 ml. of a 10 per cent, 
solution of acetic acid and 1 ml. of hydrogen sulphide solution to 100 ml. 
of the sample, the standard being treated similaTl 3 '. 

The colour of the lead sulphide is influenced by the presence of certain 
radicals, for example, citrates, tartrates and ammonium salts. Care 
must therefore be taken that If these arc present, sxiitable additions arc 
made to the standard lead solution, as described above. The a/nmonium 
chloride deepens and stabilisesthecolourof colloidal lead sulphide. Some 
is produced by neutralisation, hut more may be added to both sample and 
standard. 

“Ditblroae” Separation. Lead may Ik: separated from the heavy metals, 
including iron but excepting bismuth, by extraction s\ith a solution of diphenj-1 
thiocarbazoiie (“ dithirone ”) In chloroform in the presence of alkah and *n 
e>"nnido. 


separated extract with 10 ml. of staler, mix the three chloroform extracts, and 
rcmos'c the solvent hy distillation. 

Destroy the organic m.ittcr in the IcadKlithizonc complex remaining bv 

l.^olinr, »i»t, 1 T„1 /if ■•Tlntiifrin n/a.! •.nlil rnmAc .....I 1 


Determination o! Bismuth os Oxide. Bisiniitli salts form a s-ellow- 
colourc<l complex, possiblj' BiI,,.'lKI. with potassium iodide ; this enables 
0 01 inilligrom of bismuth to be dclcetc<l. 

Make a standard solution l>y dissoKnng 0-1 gnu. of bismuth in nitric acid 
and diluting to 1 litre, taking enre that suflieicnt nitric acid to prevent 
the precipitation of bismuth oxjTiitratc Is present. The concentration of 
nitric acid must be knosm. 

For the determination of hismoth in copper, dissolve a sveight of the 
copper equiralcnt to 2 milligrams of Bi in 50 per cent, nitric acid. Dilute 
with water and add l>onch sodium enrironnte tmtil a slight, permanent 
precipllatc forms. Add 1 ml. of the earlmnatc in excess. Boil for fiv( 
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minutes. Filter, and Trash with water. Dissolve the precipitate, which will 
contain all the bismuth,, in the least 'possible quantity of 50 per cent, 
nitric acid, and remove any copper by reprecipitating'the bismuth Tvith 
0*880 ammonia diluted with its own volume of Tratcr, Collect the 
precipitate, wash it with water, and dissolve it in a small, known volume 
of.the nitric acid. Transfer to a colorimeter tube and place 20 ml. of the 
standard la a second tube. Dilate each solution to about DO ml., making 
sure that each tube contains the same quantity of nitric acid. Add, to 
each, 10 drops of a solution of sulphur dioxide, made by adding 1 volume 
of saturated solution to 2 volumes of water, and 5 ml, of a 20 per cent, 
solution of potassium iodide. Dilute to 100 ml., and match. 

/'^Determination of Titanium in Clay or Ore. Wien hydrogen peroxide 
is added to an acid solution containing titanium, an orange-red or yellow 
colour in concentrated or dilute solutions, respectively, is produced. This 
is probably due to the presence of hcxavalcnt titanium. 

Weigh out accurately enough of the sample to give 0 01 to 0 05 grm. 
of titanium. SIlx it thorougWy ivith eight times its weight of sodium 
peroxide and heat it in an iron crucible until all is in solution. Many 
titaiuum ores are resistant to sodium peroxide, and therefore they must 
fixst'be ground extremely finely. Cool the fused mass and dissolve it in 
200 ml. of water. Add 8 ml. of concentrated HjSO<, followed by 8 ml. of 
syrupy phosphoric acid to eliminate the colour due to iron j however, 
this also reduces to some extent the intensity of the colour of the titanium 
solution. Unless vei>’ accurate results are required, there is no need to 
filter. Transfer the solution to the comparison tube and balance against 
a standard. 

The standard solution of titanium is an approximately decinotmal 
solution of titanous chloride. Standardise it vclumctrically Cp. 185), 
dilute it ten times, and take a convenient quantity for the colorimetric 
test. Develop the colour by adding 2 ml. of 3 per cent, hydrogen peroxide 
to the contents of the tube, first making sure that the concentrations of 
sulphuric and phosphoric acids in this tube and in the sample-tube are the 
same. 

Before carrying through a large number of determinations of titanium, 
it is convem'ent to prepare a scries of standards, preferably from methyl 
orange. Dissolve 1 grm. of methyl orange in 500 ml. of water. Take 
50 ml. of this solution and dilute to 1 litre. Using this dilute solution, 
make up a series of standards to cover the required colour range. 
Standardise the standards against known quantities of titanium. The 
colours are similar in tint, and the methyl orange colour is more permanent 
than th^t of the titanium, y 

Determination of Antimony. This method has the special adrantage 
that it can be used in the pfesence of tin and arsenic ; sensitiveness 
0 05 milligram Sb. Add to a Nessler cylinder in the order slated : 30 ml. 
of 1 per cent, gum arabic solution, 5 ml. of 20 per cent. ICT solution, I ml. 
of a saturated solution of pyridine in water, 1 ml. of 20 per cent, sulphurous 
acid (water saturated with sulphur dioxide and diluted 10-foId) and 
CO ml. of dilute (I : 3) sulphuric acid. Mix, add 25 ml. of the sample, and 
match the resulting orafigc-ycllow colour against that obtained similarly 
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from a standard solution of tartar emetic (2 667 grm. in 1 litre of dilute 
hydrochloric acid ; 1 ml. = 1 milligram of Sb). 

Determination of Nitrates by Diphenylamine Sulphonic Acid. Wien 
this reagent is treated irith a trace of nitric acid, a complex reaction 
takes place and an intense blue colour is produced. Nitrates interfere 
and must he removed by boiling with ammonium chloride. Urea, which 
itself interferes, must not be used to destroy the nitrites. 

Prepare a series of standards to cover the range from 0 0001 to 
0 005 nvilUgram of nitrogen by putting suitable quantities of potassium 
nitrate into a series of tubes. A solution containing 0 0001 milligram of 
nitrogen per millilitre may be made by dissolving 0-072 grm. of 
potassium nitrate in water and diluting to 1 litre, and diluting 10 ml. of 
this solution to 1 litre. To each standard and to the sample add 10 ml. 
of a 1 per cent, solution of potassium chloride, dilute each to 100 ml. 
and add 10 ml. of concentrated sulphuric acid. Cool in water and stir. 
Add to each 2 drops of a solution containing about 1*5 grm. of sodium 
diphenylamine sulphonate per litre. Stir, and match the colours. 

As the intensity of the colour is not related simply to the concentration 
of the nitrate, it is well to repeat the determination, using standards 
covering closer intei^'als. In this event, a new sample must also he 
prepared simultaneously, because the intensity of the colour varies to a 
considerable extent ^Tith time. 

The method for the determination of nitrates in drinking‘Water by 
plicnoldlsulphonic acid is given on p. SCO. 

Detenninatloa of Nitrites. Advantage is taken of the fact that when 
nitrous acid is allowed to react 'inth a soluble iodide, free iodine is produced 
and colours starch solution blue. 

T/ie Iodide-Starch Solution is best prepared as follows : Boil together 
5 grm. of starch, 20 grm. of stannous chloride and 100 ml. of water for 
some hours, keeping the volume constant by adding water to replace 
that lost by evaporation. Then add 2 grm. of zinc iodide, and dilute to 
about 1 litre. Filter, or better, put aside for some days when any solid 
will have settled and the clear solution can be drawm off as needed. Make 
up a solution of sodium nitrite containing about 0-5 giro, of the salt per 
litre and standardise it against potassium permanganate (p. 160). To 
obtain a solution suitable for colorimetric analysis, dilute the standard 
100 times. One millilitre of the very dilute solution will contain about 
0 001 milligram of nitrogen. 

Take 50 ml. of the sample in a comparison tube, .together with a 
suitable volume of the standard, diluted to 50 ml., in the second tube. 
Add 2 ml. of 1 ; 3 HjSO* and 4 ml. of reagent to each. Mix thoroughly. 
Set aside for fifteen minutes and match the colours. 

A quantity of 0 0001 grm. of nitrogen as nitrite can be detected in 
50 ml. by this metliod. It must be remembered that the colour develops 
more rapidly in bright than in dull light, that it becomes more intense 
on standing, and that the determination can only be carried out 
satisfactorily in an atmosphere free from nitrous fumes and chlorine. 

Nitrite in drinking-water may be determined colorimetrically by the 
sulfanllic acid and a-naplithylamine method (p. 857). 
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Alternatively the nitrates arc first determined. Then’the ammonia content 
is found by Kessler’s method (see below). Finally, the nitrates and nitrites are 
reduced to ammonia (p. fljO) and ■* * ' ' * This 

reduction can also be carried out 00 ml. 

of the sample, to which have bee , ion of 

))otassium Jiydroxide. The vessel should be nearly closed and left overnight. 
The quantity of ammonia carried away by the hydrogen is very small. If 
jieeessary it can be trapped in water. If the reduced solution is clear, it can be 
treated directly with Kessler’s solution. If it is cloudj', two-thirds of the liquid 
must be distilled off and collected. All the ninrnbnia will be in this fraction. 

Determination of Ammoma, When an alkaline solution of potassium 
mercuric iodide, Kessler’s reagent, is allowed to react with ammonia, 
dimereurie ammonium iodide, which imparts a yellow or bro^nl colour to 
the solution, is formed : 

NII*C1 2Kt{HgJ^) -h HgjNI.HjO -f 7KI -f KCI 3II»0. 

Kessler’s reagent is prepared ns described on p. 851, where the method 
Is dealt ^vith fully. The sample should be 100 ml. in volume. Develop 
the colour by adding 3 ml. of Kessler’s reagent, and match against a 
suitable quantity of the standard diluted to 100 ml. and treated simul- 
taneously ^vitli 3 ml. of the reagent. 

It frequently happens that the sample to be tested for ammonia contains 
calcium and magnesium, wlilcfi arc precipitated by the reagent. They 
must therefore be retalneel in solution by adding 3 ml. of 50 per cent. 
Rochelle salt, sodium potassium tartrate, to 100 ml. of sample. This, of 
course, should be added before the Kessler solution. As the Rochelle salt 
solution is somewhat unstable, it is usual to preserve it by adding 50 ml. 
of Kessler reagent to each litre. Unless the solution of ammonia is very 
dilute, the mercury salt is precipitated and it is probable that the colour 
of veiy' dilute solutions is due to the presence of the iodide in colloidal 
solution. Despite this fact, the colour is comparatively permanent, and 
it is satisfactory to make up a series of permanent standards if many 
analyses arc to be carried through. 

An objection to this method of detennining ammonia is its extreme 
delicacy. Ammonium chloride is n frequent impurity in the air of a 
laboratory, and it cannot be too strongly empbasUed that suitable 
precautions must be taken to prevent contamination of the samples and 
standards by absorption of ammonia. All distilled water to be used for 
dilution should first be tested by Kessler’s reagent. Ammonia is often 
found even in freshly-distilled ^vatcr. Suitable w'atcr can be prepared by 
adding about 1 grm. of potassium permanganate and 1 grm. of sodium 
carbonate to 500 ml. of the contaminatctl liquid and distilling. Tlic 
first 100 ml. of the distillate should be rejected. 

The dclermination of ammonia in tcafer by the standard method is given 
in ftiU on pp. 350-354. 

Determination of Phosphates. To the solution to be tested add, in 
succession, I ml. each of a mixture of 05 ml. of sulphuric acid in 450 ml. 
of ^vater; a fresh solution prepared by mixing 200 ml. each, of 8*75 per 
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cent, animonium molybdate solution (prepared in the cold) and 5-25 per 
cent, sulphuric acid and diluting to 500 ml. ; and a fresh solution prepared 
by adding 0-3 ml. of sulphuric acid to 600 ml. of a 1 per cent, solution of 
hydroquinone. After five minutes n green colour develops ; then add 
rapidly 2 ml. of a solution of 100 grm. of anhydrous sodium carbonate 
and 24 grm. of sodium sulphite in SOO ml. of water, mix, and match the 
blue colour as rapidly as possible against that produced from a 0 01390 per 
cent, solution of HNa JPO 4 (equivalent to 100 parts per million of PO 4 ”■). 

^letermination Oi Fluorides. Fluorides have a bleaching effect on the 
orange colour produced by the reaction of titanium salts with hydrogen 
peroxidejp. 244) 5 under the conditions specified this effect is proportional 
to the fluoride content. 

If necessary remove iron and aluminium by fusing the sample with a 
5-fold weight of a mixture of sodium and potassium carbonates, and heat 
an extract of the melt with 2 grm. of (NH 4 )*C 08 on a water-bath for 
twenty minutes. Cool, filter, evaporate to 25 ml., filter again, and just 
neutralise the filtrate with ON. HJSO 4 . Shake to liberate the COg, and 
for each O-Ol grm. of F” believed to be present add 12 ml. of the H 2 SO 4 in 
excess. Dilute to a convenient voliune, and to an aliquot portion con- 
taining 1 to 2 milligrams of F~ add 20 ml. of a solution of TiOj in HjS 04 
(1 ml. = 1 milligram of TiO,) and 3 ml. of 8 per cent. ; dilute to 
100 ml. Match the colour against that obtained by adding kno^m 
quantities of a fluoride to a similar reaction-mixture } 1 milligram of F“ 
bleaches 10 per cent, of the Ti present. 

Determination ol Carton in Steel. This method is very rapid, but the 
results may be 20 per cent, in error. A yellow colour due to the nitration 
of an organic compound is produced when steel is dissoKed in nitric acid 
(sp. gr. 1-2). The depth of ttic colour depends on the orjginai condition 
of the carbon in the steel. Thus, if the carbon H present as cementite, the 
colour IS produced fully j if in solid solution, only in part ; and if as graphite, 
not at all. The colour is changed by the presence of many of the elements 
commonly found in steel, namely nickel, chromium and manganese. 
Moreover, the intensity is not proportional to the carbon content. For 
these reasons it is important to use a standard steel which is similar in 
composition and heat-treatment to the sample which is to be analysed. 
The carbon in the standard may Iw determined by the drj’ combustion 
method (p. 304). 

Dissolve 0-15 grm. of the steel and of the standard, in the form of fine 
drillings, in 3 ml. of the nitric acid, in test-tubes. IMien the violent action 
has ceased,' heat the tubes in a ivater-bath until any brown flocks have 
disappeared. Cool under the tap. Transfer to a pair of small, graduated 
comparison-tubes and dilute the dccpcr-coloitred solution until the colours 
when vicived through the tubes arc the same. 

Determination 0 ! Arsenic. Thin determination is of particular importance 
because the Sale of Food and Drugs Act imposes limits on the amounts 
of arsenic which may be present in certain commodities. The two methods 
in common use both depend on the fact that when hydrogen is liberated 
in tile presence of a soluble arsenic comiMnind, the latter is converted into 
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the gas arsine (AsHg), which can be removed from the apparatus in this 
form in the current of hydrogen. In the up-to-date form of the Slarsh- ' 
Berzelius test the hydrogen is produced electrolytically, and the gases 
evolved are passed through a heated tube. The stain of arsenic deposited 
by the decomposition of the arsipc ia matched against stains produced 
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Reagents sold as “ atsenic-free *’ should he used for the test, and it is 
advisable to make allowance for a blank test in which the samp amounts 
of reagents (including the sulphuric and nitric acids) are used. The stains 
may be preserved by drying the test-paper at 105° C. and dipping it in 
molten paraffin wax ; standard stains should be stored in a desiccator 
over phosphorus pentoxide in the dark. 

NEPHELOMETRIC ANALYSIS 

The term “ nephel ” means a cloud, and nephelometry is the measure- 
ment of cloudiness or turbidity. Xt is analogous to colorimetry in that it 
depends on the formation of a turbidity as the result of a chemical action, 
and this is measured by matching it against turbidities produced from 
known quantities of a standard solution of the substance concerned. 
Incidentally, the method was used some fifty years ago by T. W. Richards 
in some of his classical atomic weight determinations. As will be shown, 
such measurements may be made easily and r.apidly ; and since a small 
amount of substance usually produces a relatively pronounced turbidity, 
the method is particularly rapid, convenient and sensitive. 

In describing how these measurements may be made, it is first necessary 
to consider briefly the fundamental effect on light of the fine particles 
which constitute a turbidity. There are two possible methods of measuring 
turbidities. The obvious one is to measure the height of the column of 
turbid liquid necessary just to obscure a given mark {e.g., a black spot 
on a white tUe). This is carried out by supporting a glass cylinder {e.g., a 
Nessler cylinder) over the spot, and pouring in the turbid liquid until the 
spot just becomes invisible; the volume, or height, of- the column of 
liquid is then measured. The method must, of course, be “ calibrated *' 
by measuring the corresponding heights for solutions of known turbidity 
(i.e., containing known concentrations of the substance producing the 
turbidity). The calibration curve relating concentration and height (or 
volume) may then be used to measure concentrations of unknown magni- 
tudes. This " extinction method,” as it is called, suffers from the dis- 
advantage that it depends upon the transmission of light through the 
turbidity. It is, therefore, not particularly sensitive as a method of 
measurement, especially in view of the limitations of the human eye, and 
it is further upset if the solution is at all coloured, as the colour will absorb 
transmitted light quite independently of the turbidity. Fortunately, the 
sensitiveness can be increased considerably by measuring the amount of 
light scattered by the particles, and it is methods such as this which have 
facilitated the applic5ation of nephelometric methods. 

Apparatus. The colorimeter described on p. 236 may readily be adapted 
to the practical realisation of this latter principle. The vessels 'containing 
the solutions however, have opaque bases and transparent sides and are 
illuminated from the side ; colorimetry vessels on the other hand, have 
opaque sides and transparent bases, and are illuminated through the 
latter. In the operation of the nephelometcr, the amount of light reaching 
the eye will depend on the number of scattering particles in the solution 
which are exposed to the light, and this in turn will depend partly on the 
concentration of the reacting substance from which they are derived, and 
partly on the height of the column of liquid viewed ; the latter is therefore 
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varied bj' altering tlie heiglil of the plunger exactly as in coloriinelry. 
Thus, if the turbiditj; produced from the solution to he analysed is in one 
vessel, and that from a stronger standard solution of the same substance 
is in the otlier, the plunger In the latter may be lorvered until a match is 
obtained when, under ideal conditions, the heights of liquid being wwed 
will be inversely proportional to the respective concentrations ; the 
imknomi concent ration may therefore, then be found by proportion. 

In practice however, it is safer to calibrate the apparatus against 
solutions of known strength as described under Colorimetry' (p. 230), and 
to read off the results from the cur\'e so obtained. The use of xmiversal 
.suspensions, or even of plates of frosted glass which will serx’e as permanent 
standards for reactions of all tj’pes, has also been suggested, but these 
are not to be recommended as they fail to reproduce the subtleties of all 
tyT^es of opalescence. ^ 

Plioto*eIectric methods in which the turbidity is measured in terms of 
the thickness of liquid necessary to cut off the activating light from a 
photo-electric cell, have proved very' useful, as tliey eliminate the human 
error inherent in work of this kind. A particularly efilcieiit nmngement 
comprises two photo-electric cells arranged in electrical opposition,, in 
such a way that when they are equally illiuninated no current passes in 
the circuit. If the two sources of illumination are the rays from a common 
point after transmission or scattering by the sample and standard, 
respectively, then by adjusting the strengtli of the latter until no current ' 
passes, the strength of the former may be found. 

• Examples, Tiic method is widely usctl for control purposes in industry, 
c.g., for measuring clianges in the suspended solids content of xratcr, but 
the following are examples purely of anal^iical interc'.t : 

Silver or Chlorides. For chIorjflc.s, pl.ice approximately equivalent 
amounts of the solution to be tested and the stnnd.ird (1 ml. e Od milli- 
gram of Cl) in the two matching vessels, and add an 8-fold excess of HNO, ; 
match after four minutes, keeping the solutions in the dark in the intcrs’ol. 
The best results (error, about 1 per cent.) are obtained with 0-000003 N. • 
solutions, but in such cases thirty minutes should elapse before matching. 
If tlic Ncssler method is used, matching is best carried out over a tile, 
half of which is white and half blackened, so that the boundary between 
the black and white portions intersects the circular field of the base at 
the cylinder. 

Zinc is conveniently determiiieil as ferrocyanide. The procedure is 
described on p. SC8 in connection with water analysis. 

Aluminium. The reagent is 1 ml. of a 5 per cent, solution of cupferron 
which is added to 25 ml. of .a solution containing 0*15 to 30 milligrams of 
aluminium per litre. The matching error is about 2 per cent., but the 
colours pro<lnced by iron and copper with this reagent increase this error, 
and these metals should be removwl if present. 

Magnesium and Plmphates arc bracketed together bec.nase the method 
for the latter may also be used for .the former. This magnesium is very 
conveniently separated as magnesium ammonium phosphate, tlic phosphate 
in the resulting precipitate being determined ns follows; To a mixture 
of 80 ml. of water, 5 ml. of 0-5 N. hydrochloric acid and 5 ml. of reagent 
(see below) arc added 10 ml. of the test solution, which should previously 
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ha\e been neutralised ivith ammonium hydroxide if necessary, and 
filtered. The reagent is prepared by mixing 150 ml. of a 2 per cent, solution 
of strychnine sulphate ivith a solution of 150 grm. of sodium molybdate 
in a mixture of 250 ml* of water and 100 ml. of SO per cent, hydrochloric 
acid ; the mixture is shaken, and filtered on the next day. The sensitive- 
ness of the method is 0-5 part per million of phosphorus. 

Proteins may be included as an example of the application of the method 
in organic chemistry, and because the usual methods of analysis are very 
lengthy and complicated. IVhete however a suitable precipitant is 
available, .a determination may be made in thirty minutes, and the error 
is of the order of less than 10 parts per million. 

Edestin, which is precipitated by 0 per cent. NaCl solution, is a 
convenient example. To prepare the standard solution make 0-1 grm. of 
edestin into a paste with water, odd 3 ml. of 0 1 N. HCl, filter into a 
100-ml. flask, add 1 drop of chloroform and dilute to the mark. Dilute 
this solution 20 times before use, to obtain a 0 005 per cent, solution. 
Make the determination by adding the NaCl reagent, drop by drop from 
a burette, to a solution of the sample of about 0 001 per cent, concentration 
and mix by a rotary motion during the addition ; match against the 
standard, treated similarly. 

The Activity of Enzymes which digest proteins {e.g., trypsin and pepsin) 
is estimated by determining nephelometrlcally the protein content of n 
solution before and after the enzyme has acted upon it.' Other nephelo- 
metric methods are described by. Yoe (p. SIO). 

OTHER METHODS OF ANALYSIS 

The purpose of this section Is to draw the student’s attention to other 
methods of quantitative analysis which cannot be described fully in 
this book. 

Micro-Chemical Methods. The saving of time, space and materials 
brought about by the introduction of these methods makes them of the 
greatest importance, particularly in ultimate organic analysis. Thusra 
determination of carbon and hydrogen in a compound by the ordinary 
methods usually takes rather more than two hours, but the micro-methods 
will give results in about quarter of that time. Most of these methods, 
which involve quantities of the order of 10 to 100 milligrams, are 
similar in principle to the corresponding normal macro-methods, with 
modifications in technique appropriate to the smaller quantities involved. 

t ^ ■ 

t ■ . ^ 

volumetric apparatus involved. Those methods described are recommended 
as very useful exercises in analytical technique for students, hut they only 
touch the fringe of a wide subject ; for further information consult the 
English translation of Pregl’s Quantitative Organic Microanalysis, and 
Mitchell’s Jlecent Advances in Analytical Chemistry. ^ 

Spectrographic Analysis. An arc is struck, or a scries of sparks is 
passed, between two electrodes of the metal to he examined ; or the 
material is contained in u little cup cut in the end of a graphite rod, and 
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an arc is struck between this and a second carbon electrode. The resulting 
light is passed through a quartz prism and the spectrum is photographed. 
The determination is made by comparing the intensities of the lines 
produced by the impurities with those due to the principal metal ; or by 
photographing the spectrum of a standard ahoy and comparing the 
intensities of special lines. It is evident that standard tables of intensities 
must be available. For further information, consult Smith’s Melallurgkal 
Analysis by the Spectrograph, The method is particularly suitable for 
small quantities of impurities in metals. The error involved is of the drder 
of 10 per cent, or less, and is comparable with that of the colorimetric 
method. The method possesses* the great advantage that four or five 
different elements can be determined almost simultaneously. 

Liquids are examined by the absorption method, i.e., a beam of light 
falls on a glass vessel containing the liquid {e.g., a solution of the sample), 
and the light passing through is examined by means of the spectroscope. 
If the conditions are correctly adjusted, the nature of the substance 
present is indicated by the wavelen^hs of light which are absorbed, while 
the amount present is measured in terms of the extent of such absoiption. 
To this end curves are plotted relating the ratio of the intensities of the 
light of any particular wavelength falling on and emerging from the 
solution, with the wavelength of the rays used. 

For many purposes spectroscopic methods are both sensitive and very 
accurate, once the necessary technique has been acquired. Thus, in the 
analysis of certain alloys it has been possible to reduce the working time 
from four days (for ordinary chemical methods) to three hours. 

The Polarograph. Tliis is an instrument for carrying out an analysis 
“ automatically.” At present it is expensive, but it has been tested by 
widespread use. The solution to be anaij’sed is placed in a vessel on the 
bottom of which is a layer of mercury, the anode. The cathode is a stream 
of fine drops of mercury, falling from a reservoir through the solution. 
A difference in poCentiaf between the electrodes is applied hy means of 
a special potentiometer, whicli increases this difference automatically as 
the analysis proceeds. A potential difference-current graph is traced on 
a drum. Provided the applied potential does not exceed the decomposition 
potential of any of the salts in-aolution, there ■will be no current. IVhen 
the first decompositl6ii' potchtiallis reathed, a current proportional to 
the concentratidrt^qf^'the iOns'_in -the ' soluKon will flow. ' IVhen the 
decompositiorl potentiaVef a second 'Sait fs-ppached, this current wiW 
increase, and sq On. A stepped curve is thus\pbtained, the height of the 
steps on the. current axft .beingr proportional to the concentration of the 
ions. Several efements can be detennined>iimultaneously and rapidly. 
For example,’the’ copper, «inc and jead in*a brass can be found in fifteen 
minutes, provided iKe apparatus has been standardised by the use of a 
similar alloy of known compositiop. *“•' 

Not only will the apparatus determine the concentration of metallic 
0 ions and of other ionisable and reducible compounds, but it ivill also 
determine any substance which can be adsorbed on mercury and reduced. 
Thus the instrument is of use in metallurgical analysis and in the examina- 
tion of water, gas, sugar, beer, dye*Iiquors, etc. 

For further information, sec Kolthoff and Lingane’s Polarography. 



MISCELLANEOUS METHODS OF ANALYSIS 253 


. Fluorescence Analysis in Ultra-violet Light. In laboratories where an 
ultra-violet lamp is available, the application of a number of the analytical 
methods described in this book may be extended considerably by the 
methods of fluorescence analysis. This applies particularly to colorimetric 
and volumetric methods. The principle of the method is the production 
of fluorescence effects which are usually invisible in ordinary visible light, 
but which can be seen under an ultra-violet lamp from which visible light 
is excluded by means of a special filter. The only special apparatus 
required is the ultra-violet lamp with filter ; one of these is now usually 
to be found in most laboratories. 

Since these fluorescence effects can often be produced by extremely 
small quantities of certain materials, the methods in which they are used 
have high degrees of both sensitivity and selectivity. As an example, 
certain substances which become fluorescent or non-fluorescent at a 
volumetric end-point may be used as indicators ; they often enable very 
dilute solutions to be*titrated, and they can function even in solutions 
which are normally so coloured or turbid that the change in colour of an 
ordinary indicator is invisible. The use of quinine to indicate end-points 
involving sulphates (by reason of the vivid fluorescence of quinine sulphate) 
is an example } the use of dichlorofluorcscein as a fluorescent adsorption 
indicator for halide titrations, and of fluorescein for bromate titrations 
(p. 182) are others. Colorimetric methods involving the formation of a 
fluorescent reaction-product have also been developed ; a good example 
of this nature Is the determination of aluminiiun by means of the 
fluorescence it produces with tetrahydroxy flavanol. The method has 
numerous applications in qualitative and technical analysis. Fpr further 
information see Radley and Grant’s Fluorescence Analysis in VltTa'Violet 
Ught. 
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APPLIED QUANTITATIVE ANALYSIS 


SECTION X 

TECHNICAL ISORGAmc ANALYSIS 
The Sampling of Solids 

Sasipijng is the science of extracting from n Jarge quantity of materiiil 
a small portion which Is truly representative of the whole. Needless to 
say, sampling and analysis go hand Jn hand, but it is unfortunately no 
uncommon experience to find a chemist wasting time and trouble in 
carrying out a long and careful examination of a material which has been 
sampled in a slipshod manner. 

Only a few of the elementary principles and methods of sampling arc 
described here. It is almost tnie to say that every material demands 
special study and must be sampled by special methods, and lack of space 
forbids approaching a full treatment of the subject. .Methods for sampling 
coal, coke and cement have been laid down by the British Standards 
Institution in its Specifications', and for fertilisers by the Ministry of 
Agriculture and Fisheries — lieguJations (1032). Detailed information 
about other materials must be sought in the special text'books (p. 510). 
The importance of good sampling cannot be over-estimated. Three fiicts 
must always be remembered : 

(a) The larger the sample, the more representative it will he. 

(If) In a mass of ungraded material the composition of the ilust will 
probably be different from that of the lumps. 

(c) In n heterogeneous mass the harder lumps will be different in 
composition from the softer. 

The first operation in the sampling of .solids is to obtain the gnKs 
sample. The minimum satisfactory weight of this sample depends on 
the state of division and quality of the material. For example, if the 
diameter of the largest lump is about 1 inch, it may be that not less 
than 500 lb. should be taken. If the diameter of the largest lump is 
0*13 inch, 4 lb. may suffice ; if it is as .small as O-Oi inch, 1 ounce may be 
enough. It is lahl down in the ease of coals Specification No. 40.3) 
that if the diameter of the largest piece is 3 inches and the ash content 
of the coal is 20 per cent., at least C5D pounds taken from at least 130 
places in the load arc required ns a reprcsenfati\’e sample of 50 tons. 
If the largest piece of n coal containing only 0 per cent, of nsli is only 
J inch in dianieter, then 40 pounds, taken from twenty places in a load of 
50 tons, are required. 

The collection of the gross sample is n m.atfer of common sense, and 
no general rule.s can be laid down. No serious error will arise if an 
endeavour is made to take rcf>re^n(nti\'C samples from units eljoson 
iirUlimelicnlly, and not Ijceausc the material looks good or poor or 
251 
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•iNcrjgc ; if il ib riiiuinln.Tnl thal llic mure JlnLl}-th\jdi.J |Kjrtiniu> ni.ty 
l)c f<linkcn from tlic rcbt diiritif; transit; tlmt the minimum sire of the 
jifObS snmpic to !« taken is at least ns large ns that set out at)ove ; nncl 
that many increments make up this laimplc. In the case of coal, it is 
laid dms-n that the requisite number of increments shall be distributed 
evenly user the uholc nutnlKT of wnpgons in the eonsignment. The 
increments arc taken hy scooping iinrnm* holes, at least i foot ileep, 
along the lines joining the op|»osite corners of the ssaggons and at 
lUstanccs of onc*sixth and onc-lhirt! of tlic lengths of these diagonals from 
the corners. The iKisitions of the holes nre varictl regularly from 
ssaggon to waggon. 

The next hte|i Is to reduce the gross .sample. If it is course, it is first 
enislied, usually in u mechanical enishcr, to pass an ineh-mesh sic\c. 
It is then spread out on a clean, concrete floor nnd shovelled into n cone. 
The man must work nnind luul round the layer from the outside lo^tlic 
centre, nnd evers' shovelful must h»i accurately the tap of the cone. 
Kvery effort must Iw made to build a symmetrical pile, because the dust 
lends to collect in the centre. A goo*! plan is to mount a large funnel 
o\er the centre of the cone and to shovel the material through this 
funnel, nliieli must Ik raisc<l from time to time, Ijceausc the material 
must not fall \iolcntly on to the heap, but rather should flow on to it. 
Soim times It is adsisjihle to spread out the cone n sceoml time into a 
l.ijcr and tc> ndniild il as liofore. (The SUiuiUird'i SpectJ^calion for coal 
lays down that tlic c<mc !« huiU three times.) nic spreading is liest 
done by pressing squanly on the top of the ismc with a fbt lioard, or 
if this plan proves inipnicthuhtc, by aboNclIlng from the centre oulwnnls 
in a symmetrical manner. 

If the cone is built n second time, it must l)c spread out again. The 
layer is then halvctl either hy marking It out nnd shovelling, or by working 
u Ijoanl throngh it nnd pushing the halves niKirl. The disiding line must 
jviss accurately through the point nl«vc which sras formerly the apex 
of the cone. The halves arc <iuartrrc«l hy the wme methods. The north 
and south quartcni nre discanlc«l, care lieing taken to brush away all the 
dust, and the xrfiofe of the nmlcrinl in the otlicr quarters is cnished until 
the diiimrter of the largest piece Is Imlf that of the l.irgcsl piece in tlic 
lirst cone. 

The cni-hc<l material is then xxnicsl nml (juarlcrtsl exactly ns l>cfore, 
the north anil vaith or the cast and we'll quarters liclng discnrtlcd. The 
residue is again criisheil until the dinnirtcrof the largest piece has ngniii 
liren rtslia'tsl hy half, and the cnishe«l material is ngziin hulvcxl in bulk by 
tsuung and tjuArteting ; nnd m> on until a sample of suilaldc ss eight has 
Iren oht.ainr<l. As stuui as its bulk jicrmlts, the residue of the grass trample 
slinutd l>e on a Miiuolh plciv of American iloth nnd mivcxl hy 

drawing Ihe soulh txirncr of the cloth up to anti omt the north corner 
in surh a wuy that the ^.u^pIr docs init slitle, hut rolls, o\cr and over 
itself. Then the north-west »ldc of the cloth in.ay Ik? tlmwn up to anti 
over the south-east si<!e, ami m> on until the sample Is thoroughly mixrtl. 
Tlie heap is then ndltsl to the centre of the doth, spread out nml quarteral 
ns l>rfi>rr. .\ scoop *tieh as is useil by a teller In a lank Is most useful 
for h.m<lling the quarters wht n they base l*ren sunieirntly mhierd in sjie 
ami btill. Wlirn a smnll rrpresrntntlsT samjde has l>een olitninrsl, it 
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must be crushed in a hand-miil or ground in on agate or other mortar 
until the whole of it passes through a sieve of the ciiosen mesh. As the 
harder material vrill probably be the last to pass through the sieve and 
will therefore be found on the' top of the heap, the whole of the material 
must be mixed thoroughly on oil-cloth or paper before it is bottled or 
analysed. 

During the operations of crushing and sampling the material will 
probably have become heated and may have lost moisture. It can be dried 
at some standard temperature, perhaps .at 105® C., or it may be spread 
out in a thin layer and left exposed to the atmosphere, but out of sunlight, 
until it has ‘come into equilibrium with the water vapour in the air by 
gaining or losing moisture. If the second method is used, notes should 
be made of the temperature and humidity of the air in the room. It is 
roost important that a careful note of the history of the ihaterial after 
sampling should be made. E.g., “Through fi5-sieve. Bottled at once 
after sampling,” or “ Through 85-sieve. Air-dried. Room temperature 
16“ C. Normal atmosphere.” The-principal object of air-drying is to 
bring the material to such a state that its composition will not change to an 
important extent while it is heing transferred from one vessel io another, 
or when it is being weighed out during the ordinary course of analysis. 
If there is danger of the moisture content of the gross sample changing 
during crushing and sampling, a laige portion of the gross sample, perhaps 
10 pounds in weight, should be taken off either at once or when the material 
has been reduced to lumps of approximately 1 inch in diameter. The 
whole of this sample should either be completely dried under the standard 
conditions, or should be air-dried and the loss of weight noted. 

Tliat portion of the sample which is not required for immediate use 
must be kept in an air-tight bottle. 

The sampling of metals and alloys is an even more difficult problem. 
Tile point to remember is that those constituents of an alloy which melt 
at the lowest temperature are usually to be found near the centre of on 
ingot or casting. As a general rule, these low-melting constituents will 
be the impurities, and therefore the material at the centre of such an 
ingot will be of poorer quality than the average. Occasionally, also, there 
is a band of material which is not representative of the whole near the 
outside of on ingot. 

Segregation in certain metals and alloys is negligible, and in such cases 
it matters little how the sample is taken. In other cases, turnings from 
the outside of a rod may give material much poorer or somewhat richer 
than the average. For this reason it is better to sample by drilling rather 
than by turning. To sample a bar, it is usual to drill holes, preferably 
right .through tlie metal, about half-way between the centre and the 
outside on both sides of the central plane. 

Sometimes an alloy contains two constituents. One of these may be 
soft and ductile, the other hard and brittle. In this case it is important 
to make sure that all the material from any one hole is analysed, because 
any One dust will be of different composition from the mote ducrile 
drillings. Grey cast-iron, for example, is a mixture of comparatively soft 
and ductile iron and easily-powdered graphite. If fine drillings arc taken 
from a casting and arc analysed without the dust, they will be found to 
contain considera'bly less carbon than coarse drilh'ngs. 
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If the alloy, e.g., Devarda’s alloy, is brittle, it is best to crush a fairly 
large piece in a percussion mortar (p. 23), and to sieve and mix it as an 
ore should be sieved and mixed. 

If the sample of a metal or alloy has been contaminated with oil, it 
can be cleaned by washing it first with ether and then with alcohol or 
acetone, and by heating it in a steam-chamber. The drillings, which are 
often surprisingly difTicult to dry, should not be heaped up, but should be 
spread out in a thin layer in the chamber. 

IVben a sample of a metal is being taken, there is a chance of fragments 
of steel being torn off from the tools or mortar used, and these fragments 
will enter the sample. If the metal or alloy is non-magnetic, these can 
be removed by passing the material between the poles of a fairly powerful 
electro-magnet or even by rubbing an ordinary magnet lightly over the 
drillings. 

Determination of Silver and Copper in a Copper-Silver Alloy 

Most samples of silver plate contain about 025 parts of silver per 
thousand. The remainder may be any metal, but is usually copper. 
Volumetric and gravimetric methods for the analysis of a copper-silver 
alloy of this type are described below. 

Volumelric Determination of Silver. Weigh out a piece of the alloy of 
about 0'8 grm. weight, and dissolve It In 10 ml. of 50 per cent, nitric acid 
in a bottle made of resistance glass and provided with a stopper. Remove 
nitrous fumes by boiling on a hotplate without the stopper. Cool. Dilute 
to about 100 ml., add 2 drops of phenosafranine, and titrate with an 
arbitrary solution of sodium chloride containing approximately 6 grm. 
of the salt per litre (p. 101) ; or titrate wth approximately decinormal 
potassixim thiocyanate, using a ferric salt as indicator (p. 197). 

In either case, the solution used must be standardised against a known 
weightof about 0-23 grm. ofpuresiIver,to which about 0 02 grm. of copper 
has been added. This mixture should be dissolved and titrated in exactly 
the same way as for the sample. Reliance must not be placed on a single 
titration. Much time will be saved if three solutions each of the alloy 
and standard are prepared simultaneously. 

T'olumetric Determination of Copper. Dissolve 1 grm. of the alloy in a 
small excess of nitric acid, using a covered beaker. Remove the nitrous 
fumes by boiling, dilute to about 100 ml., and again heat the solution 
to boiling. Run in, slowly and ivith constant stirring, sodium chloride 
solution in slight excess. When the precipitate has settled, filter the 
solution and wash the precipitate wth hot water to which a few drops of 
nitric acid have been added. Collect the filtrate in a large evaporating- 
dish and evaporate the liquid nearly to dryness on a hotplate. Transfer 
the solution to a conical flask, using as little water as possible for washing 
the dish. Neutralise the solution with sodium carbonate solution, clear 
any precipitate with dilute acetic acid, and determine the weight of copper 
present by the iodide method (p. 177). Titrate with 0 05 N. sodium 
thiosulphate. 

Gravimetric Determination of Silver, Dissolve and precipitate the silver 
in 0 5 grm. of the alloy as described above under “ Copper,” and then 
proceed as directed (Jn p. 74. 
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Gravimetric Detennimlion of Copper. Collect the filtrate tmd >vaslilngs 
from the gravimetric determination of the silver in on evaporating-dish. 
Add 10 ml. of dilute sulphuric acid and evaporate to white fumes. To 
ensure that all nitric acid has been removed, Avash down the cold dish 
with a little ivater, and again e\’apdrate to fumes. Cool, dissolve any 
precipitate in water, and determine the copper by the thioc^wnate 
method (p. Gl). 

Note that the weight of cuprous thiocyanate obtained ■will probably 
be very small. The alternative is to start with 5 grm. of alloy, but the 
determination ivill then be laborious, because of the considerable amount 
of silver chloride which must be handled. This is one of the many 
instances where a volumetric method is preferable to a gravimetric 
mctliod. ' » ' 


Indirect Determination of Arsenic in Ores by Thiocyanate 

The arsenic is converted into alkaline arsenate by fusion with alkaline 
carbonate and nitrate : the melt is extracted with water and the arsenate 
is precipitated as silver arsenate by the addition of an excess of a solution 
of silver nitrate. The silver in the silver arsenate is determined by tlie 
thiocyanate process (p. 197). It is evident that the ore must contain no 
phospliorus, since this would be determined ns arsenic. 

From O'l to 10 grm. of the finely-powdered ore is fused in a nickel 
crucible with ten times its weight of a mixture in equal proportions of 
Nn^COj and IxNOj. A layer of the alkali salts must cover the mLxture. 
The cold mass is extracted with boiling water, and the insoluble matter 
is filtered off. The fdtrate is acidified with dilute nitric acid and is boiled 
to expel carbon dio.xide and oxides of nitrogen. The solution is made just 
alkaline by the addition of ammonia, and is boiled again and filtered from 
any slight precipitate which may hove been produced. • 

A solution of silver nitrate is added in quantity more than sufficient 
to precipitate the arsenate, and the precipitate is dissolved by adding 
50 per cent, nitric acid a drop at a time.' The silver arsenate is repre- 
eipitated in a compact form by adding 10 ml. of a saturated solution of 
sodium acetate and by heating just to boiling. The sih’er arsenate is 
allowed to settle, and it is filtered off when cold and collected in a Gooch 
crucible. The precipitate is %Tashcd with cold water until the filtrate 
contains no silver, and it is then di'isolved in a small wlume of 50 per 
cent, nitric acid. The crucible is washed thoroughly with water, and the 
solution is diluted to about 100 ml. Two millilitres of the ferric siilpho^ 
solution (p. 1D7) are added, and the silver. Is titrated witli the standard 
thiocyanate solution. 

Evaluation of Chrome Iron Ore 

For the evaluation of ordinarj* iron ore, see p. 187. 

Tlie value of this mineral for commercial purposes depends almost 
entirely on the proportion of cliromium which it contains : the percentage 
of chromic oxide (Cr,Oj) should not fall below 40, if the ore is to be o 
commercial value. 
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The chromium may be determined by fusing the ore with sodium 
peroxide. Subsequent treatment with boiling water and filtration from 
the insoluble oxide of iron gives a solution of NajCrOj, which may be 
converted into NajCrjO, by the addition of HjSO, in excess. The 
acidified solution may now either be titrated wth standard ferrous sulphate 
solution, either electrometrically or with an internal or external indicator ; 
or an excess of ferrous sulphate can be added and the ferric iron produced 
determined with TiCI, ; or excess of KI solution may be added and the free 
iodine titrated hy standard Na^SjOj solution, using starch as indicator. 

Conversion of the Chromium into Sodinm Dichromate. Mix about 
0-5 grm. of the ore, which must be In the form of an impalpable powder, 
with ten times its weight of dry sodium peroxide in a thick-walled porcelain 
crucible, of about 60 ml. capacity. Cover the mixture wth a further 
2 grm. of sodium peroxide, and heat the crucible and its contents to about 
700° C. in a muffle furnaeq, "VVlien the material has melted and is resting 
quietly in the crucible, keep it molten for a further five minutes, and 
stir it twice or thrice with a stout platinum wire. If a furnace is not 
available, place the crucible on a triangle and heat it with a Bunsen 
burner, which must be held in the band and moved about. 

Place the cold crucible in a large beaker, add about 200 ml. of water, 
anc^ heat until the yellow mass has completely disintegrated. At this 
stage, remove the crucible and allow the solution to cool. Add 1 to 2 grm. 
of sodium peroxide, and boll the solution thoroughly to decompose the 
hydrogen peroxide, and any manganate or ferrate which may have been 
• formed during the fusion. Then add about 10 grm. of solid ammonium 
carbonate and boil for five minutes longer to reduce the concentration of 
sodium hydroxide : otherwise during the subsequent filtration, the 
filter-paper may be attacked. Free sodium hydroxide must, however, still 
he present in the solution. Filter the liquid when it lias become cold, wash 
the residue thoroughly with hot water, and make up the filtrate and 
washings to 500 ml. 

Acidify an aliquot portion with dilute sulphuric acid, and titrate with 
0 05 N. ferrous ammonium sulphate, using ferrous phenanthroline as 
indicator (p. 145) ; or determine the dichroinate by any of the other 
mctiiods mentioned above. 

Note. As chrome iron ore is not readily nttacked even by sodium peroxide, 
It is advisable to treat the residue on the filter-paper with hot, dilute sulphuric 
add. Any coloured, insoluble matter svill probably contain cliromium, and must 
be dried and ignited in the psiper, and fused once more >\ith sodium peroxide. 

For the Composition ol a Typical Sample ol Chrome Iron Ore, see Table III., 
p. 401. 


Evaluation of Mercury Ore 

In determining the percentage of mercury in n good sample of cinnabar 
(native mercuric sulphide), or other rich mercury ore, the material should 
lie heated with lime and the mercury collected in water (p. 98). Poor 
ores sliould be decomposed by licnting them with iron. The mercury 
is condensed on a weighed sheet of siUcr, with which metal it forms an 
amalgam, and the weight of mercuiy is obtained on reweighing the sheet. 
The process is dcscriliccl below In detail. 

0—1 
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The, Apparatus required is shown in Fig. 104, and is prepared as follows : 
The upper edge of a glazed porcelain crucible (a), about 4-5 cm. iu height 
and 4 cm. in diameter, is ground 
down flat on a rough surface. A5-cm. 
disc, or square of “ fine ” silver sheet 
(/)» weighing about 0-3 grm. per 
square centimetre, is annealed in a 
flame, and is rubbed between smooth 
surfaces until it lies perfectly fiat 
upon the top of the crucible. Upon 
tills is placed a somewhat larger 
sheet of thin silver foil (c) to keep 
Fio. 104. Evaluation op Cinnabar, the sheet (/) clean. A copper 
cooler (6), through which cold water 
constantly passes through two tubes (c), is laid upon the silver foil (c) and 
is pressed down by placing a weight upon it,. A metal gutter (g) should 
run round the cooler to collect any condensed moisture, which may be 
removed from time to time by blotting-paper. The crucible is supported 
in a suitable hole cut in a metal or asbestos sheet (ft). 

The iron filings, which are to be mured with the ore, are cleaned by 
heating them to redness in a covered crucible for an hour and by sifting 
them, when cold, through a 100-mesh sieve : another batch of filings for 
placing above the mixture in the crucible may be sifted through a 40-mesh 
sieve, and kept separate. 

Procedure. The finely-powdered'ore is dried necessary, preferably 
over H2SO4 in a desiccator, as free mercury may otherwise be partially 
removed as vapour. The^ore is introduced into the crucible (0). About 
2 grm. should be taken if the percentage of mercury present is less than 
1 per cent. ; 1 grm. if the percentage is between 1 and 2 ; and 0*5 gnn. 
or less if the percentage is between 2 and 6. If the ore contains more 
than 5 per cent, of mercury, it should be ground until it all passes a B.S. 
150-sieve, and mixed intimately with a suitable, kno'wn weiglit of sand or 
caleite wWch has been ground to pass the same sieve. 

* The ore is mixed in the crucible with about 10 grm. of the finer iron 
filings, and the mixture is covered with about 5 gnn. of the coarser filings. 
The crucible is covered by the silver plate, and the other fittings are put 
in place. A flame just large enough to heat the bottom of the crucible to 
redness, and which does not come into contact with the sides, is applied. 
After twenty minutes, the flame is removed, and, as soon as the whole is 
cool, the silver plate is taken off, dried for one or two minutes in a steam- 
oven, and weighed when cold {Note). If any tany matter has collected 
on the plate, this must be removed by treatment with alcohol before the 
plate is dried. The increase in the weight of the silver plate gives the 
weight of mercury in the portion of ore taken. 

Note, Unless some experience has been obtained in the adjustment of 
size of the flame and the length of time required for the heating, it is wcJJ m 
reheat the residue in the crucible with a fresh silver plate in order to maKC suns 
that the whole of the mercury lias been collected. 

It is possible to judge wbelber*tbe plate was absolutely flat on the top of 
crucible by noting whether the mercury stain upon it is perfectly ciiwlar and or 
the same area as that of tKe top of the crurtble. The close-fitting of the plate t 
essentia! to ensure against loss of mercury vapour. 
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The silver plate may be prepared for another determination by heating it 
gently to volatilise the mercury. 

Evaluation of Zinc Ores 

Zinc is nearly always determined volumetrically by tlie ferrocyanide 
method (p. 199). As many elements, notable lead, copper, cadmium, iron 
and manganese, interfere, the principal diHiculty is the preparation of a 
solution of the ore free from these metais. A preliminary qualitative 
analj-sis of the ore should always be made to find out whetlier the absence 
of certain elements enables the scheme for separation to be simplified. 

Quantities. Suppose the ore contains about 40 per cent, of zinc. It has 
been shown (p. 200) that a solution containing 10 grm. of zinc (or 25 grm. 
of ore) per litre will be approximately equivalent to a ferrocyanide solution 
containing 45 grm. of the salt crystals per litre. As the separation may 
involve the use of considerable volumes of liquid, let us decide to prepare 
500 ml. of the ore solution and to titrate portions of 50 ml. at a time. 
We therefore should take 6 grm. (say) of the ore, but as this is too much 
to handle conveniently, take 3 grm. and use a ferrocyanide solution 
containing 2-25 grm. per litre. 

Method. Place a suitable weight of the ore in a large porcelain basin 
covered wth a filter-funnel, and dissolve it in hydrochloric acid, with 
the addition, from time to time, of a few drops of nitric acid. ^Vhcn solution 
oppears to be complete, clean and remove the funnel, and add 5 ml. of 
concentrated sulphuric, acid. Evaporate until dense white fumes appear. 
Extract the residue, which will contain any silica or lead originally present 
in the ore, with water, and filter. Collect the filtrate and ^vashings in a 
beaker. 

Bring the volume of the solution to 100 to 150 ml. and add 2 ml. of 
concentrated hydrochloric acid. Heat nearly to boiling and saturate 
with HjS, as far as possible keeping the beaker covered with a clock- 
glass. Keep on passing the slowly until the solution is nearly cold, 
• but towards the end pass the H,S rapidly again. Filter through paper, 
and M'ash with water saturated with HjS and containing about 50 ml. 
of concentrated sulphuric acid per litre, until the 'filtrate fails to show 
a chloride reaction with a solution of silver nitrate. To test for chloride, 
add silver nitrate in excess to the filtrate, make alkaline wth ammonia, 
filter, and acidify the filtrate with nitric acid A white precipitate or 
opalescence shows the presence of clUoride. Copper and cadmium should 
now have been removed as sulphides. 

Note 1. Cadmium may be difficult to separate. Before filtering, decant a 
small volume of the clear solution, add twice its volume of water, and pass H^S. 
No further precipitate should form. Return this test-portion to the original 
solution, and, if necessary, owing to the presence of cadmium in the liquid, dilute, 
heat to 70* to 80® C., and pass in H,S again while the solution is cooling. 

Note S. It is almost impossible to separate zinc completely from copper 
and cadmium by the H,S method. If the Pir.of the solution is too low, some 
' * ■ * ’ — - • - • -• down. If 
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To remove iron and manganese, boil the filtrate from the sulphides 
to remove the HjS, and add a few millilitres of concentrated nitric acid to 
oxidise the iron. Cool the solution, and add bromine and then ammonium 
hydroxide in slight excess. Boil, and filter off the precipitate of hydroxides, 
washing them with water containing 5 grm. of ammonium chloride per 
100 ml. This precipitate will contain some zinc. It should therefore be 
dissolved in a small volume of hot, 50 per cent, hydrochloric acid and be 
reprecipitated, the two filtrates being combined. Make up the filtrate to 
500 ml. in a measuring-flask and determine the zinc in a 50-ml. portion by 
the feiTOcyanide process (p. 199). 

Evaluation of Copper Ores 

Four useful methods for the determination of copper are available. 

The Electrolytic Method. IVeIgh accurately about 2 grm, of the finely- 
powdered sample, or less if the ore is xicli in copper. If it contains 
bituminous matter, or sulphur, roast the powder in the air. Treat the 
residue with 15 ml. of concentrated nitric acid, in an evaporating-dish, 
and evaporate nearly to dryness. Cool. Add 6 ml. of concentrated, 
hydrochloric acid, and make sure tliat all solid matter in the dish is wetted 
with this acid. Add 6 ml. of concentrated sulphuric acid and remove all 
clxiorine by evaporating down to dense white fumes. Dissolve the copper 
sulphate in water, adding a few drops of nitric ocid if necessary, and Wter 
off the residue. Collect the fUtrate and washings in a 150-ml. beaker of 
a shape suitable for the electrodeposition (p. 226). Add ammonia until 
the blue colour of the cuptammonium ion is seen, or until there is a slight, 
permanent precipitate. Add nitric acid, and electrolyse as described on 
p. 228. 

The residue on the filter-paper should be tested to ensiire that it contains 
no copper. Electrodeposition is unsuitable when much iron is present. 
Iron should be removed (c.g., as in the cya’nide process), or another metliod 
should be chosen. 

The Cyanide Method. The ore is dissolved in acid, and the whole of the 
copper is precipitated by immersing aluminium sheet in the solution. 
Tlie copper is separated and dissolved in nitric acid. This solution is 
titrated with a solution of potassium cyanide, after it has hecn made 
alkaline by the addition of sodium carbonate and ammonium hydroxide. ^ 

Take about 0-5 grm. of the flncly-powdered ore and treat it in 
succession with nitric, liydrocliloric and sulphuric acids as described above. 
Only about 5 mi. of nitric acid need be used. IVlien dense white fumes 
of sulphuric acid have been produced, cool, add 25 ml. of water, and 
reheat to dissolve any ferric sulphate. Filter, and collect tlie filtrate in a 
small beaker. Keep the volume of filtrate and washings smaller than 
75 ml. Introduce two pieces of aluminium sheet, each about 40 mm. 
square and 1-5 mm. thick, and with their corners bent over in such a way 
that they cannot lie flat against each other or against the bottom of the 
beaker. Cover the beaker, and boil tbe contents gcntly-for ten minutes. 

Add 15 ml.’ of a saturated soluUon of HjS-water to precipitate the 
last traces of copper, and separate the aluminium, cither by pulling out 
the sheets and placing them in a second beaker, or by pouring the solution, 



EVALUATION OF COPPER ORES 


2G3 


with as much of the copper precipitate ns possible, into a second beaker. 
Decant the liquid from the copper through a paper, keeping ns much of 
the copper as possible in the beaker. Wash the copper three times with 
nbout 20 ml. of lIjS-watcr each time, passing the liquid through the paper. 
Discard the filtrates. 

Add 5 ml. of 50 per cent, nitric acid to the beaker containing the 
aluminium, and %varm gently. A^y copper adhering to the sheets or to 
the glass will be dissolved. Pour this solution slowly through the paper, 
and collect the filtrate in the beaker containing the copper precipitate. 
Wash the paper with 5 ml. of bromine %%'ater, or with sufficient bromine 
Avater to colour the filtrate, and then with hot water, and also wash the 
beaker with hot Aratcr. Remove tlic excess of bromine by boiling the 
solution. 

Make the solution just alkaline by adding a solution of sodium carbonate, 
and then add 1 nil. of dilute ammonium hydroxide. Titrate with a solution 
containing about 40 grm. of potassium cyanide per litre, until the copper 
solution is just decolorised. Standardise the cj'anide against a solution 
made by dissolving about 0 2 grm. of pure copper foil in 5 ml. of nitric 
acid, removing nitrous fumes by boiling, diluting to nbout the same 
volume as that of the ore solution, and treating with sodium carbonate 
end ammonia os before. See also p. 107. 

A'o/e. A small quantity of feme hj-droxide may be in suspension in the 
alkaline solution of the copper from the ore. Its presence will be due to on 
Imperfect separation, and it uill make the judgment of llie end-point more 
difilcuU. Its effect may be eountcmclcd by the addition of ferric sulphate in 
approximately equivalent quantity to the standard solution of copper, before 
the sodium carbonate and ammonia are added. 

The Iodide Method. Prepare a solution of the copper by treatment 
with acid, separation with aluminium, and dissolution in nitric acid and 
bromine water os described above under “ Cjmnide Method.” The portion 
of ore taken should contain about 0 15 grm. of copper. 

Add sodium carbonate solution to the solution of copper until a small 
permanent precipitate is formed, and then dissolve this precipitate in a 
very small excess of acetic acid. Add potassium iodide, and determine the 
liberated iodine with approximately dccinormal sodium thiosulphate 
(p. 177). If iron is present, add 2 grm. of ICHli*, before the iodide is added, 
to prevent the ferric iron reacting to produce iodine. A complex, unionised 
compound of iron and fluorine is formed. 

Cuprous Thiocyanate Method. Treat the ore m succession with 
nitric acid, hydrocliloric acid and concentrated suphuric acid as is 
described under ” Electrolytic Method.” E\-aporatc to dense white fumes. 
All nitric acid must be removed. Cool, add 25 ml. of water, reheat and 
filter. 

Precipitate the copper as cuprous tluocyanate and weigh it as such 
(p. 61 ); or determine the thiocyanate volumetrically by the iodate 
process (p. 181) i or dissolve it in nitric acid, fume the solution with 
sulphuric acid and determine the copper electrolj*ticalIy. 

Note. Under the above conditions, of the common metals only Conner lead 
and mercury are precipitated as thiocyanates. Mercury is rarely present in a 
copper ore ; the lead, in this case, will have been removed as lead sulpliate 
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Precipitation as thiocyanate is a convenient and clean method of separating 
copper from cadmium, tin, zinc, nickel, iron, etc. 

For the Composition of a Sample of Copper Pyrites, see Table lY., p. 492. 

Evaluation of Cassiterite 

This mineral consists mainly of SnO|, and its commercial value depends 
largely on the percentage of tin which it contains. The ore is “broken 
lip ” by fusion ivith sodium hydroxide, and the sodium stannate is extracted 
ivith water. Tlie solution is strongly addiiicd, and the' tin, after reduction 
with nickel foil or powdered antimony, is oxidised with iodine or potassium 
bromate. . 

■ Weight out accurately about 1 grm. of the 'very finely powdered ore. 
Fuse about 10 grm. of stick sodium hydroxide in an iron crucible of about 
50 ml. capacity. IVhen the molten sodium hydroxide is quiet, cautiously 
odd the weighed sample to it, and heat cautiously. Ultimately heat 
ivith the full flame of a Bunsen burner until the liquid in the crucible 
isquiet. Cool.andextractthemeltwithhotwater. Make up the solution, 
without filtering, to 250 ml., and transfer a suitable volume of it to a 
reduction-flask (p.lG6); or, if the ore is poor, transfer all the liquid to the 
flask. About 0*15 grm. of tin Is a suitable qu.intity to reduce. 

Dilute the aliquot portion to about 200 ml. Neutralise it with 
hydrochloric acid, and add, hydrochloric acid in excess to bring the content 
of free acid to between 25 to 50 per cent, by volume. Beduce the tin in 
nn atmosphere of CO„ either with nickel foil or with about 1 gnu. of 
precipitated antimony (p. 106). Cool the reduced solution, while main- 
taining the atmosphere of COj, ond then titrate it with a decinormal 
solution of iodine, using starch as indicator; or odd to it a small crystal 
of potassium iodide together with starch, run in a decinormal solution 
of potassium bromate rapidly from a burette, using a small excess of 
the bromate, and titrate this excess with fl standard solution of sodium 
thiosulphate. 

Note, Only tungsten, of the elements usually present in tin ores, Will interfere 
I'ith this evaluation, l^gsten L reduced to the blue, quinquevalent form, but 
}s not reoxidised by iodine. The intense blue colour may, however, mask the 


the residue on the 
leaving any tin 1 * 

few millilitres of * ■ 
hltrate, which ca' ■ ' ■ 

has been adjusted suitably. 

Evaluation of Soda Ash 

Soda ash is essentially sodium carbonate, but it may contain hydroxides 
or bicarbonates, chlorides, sulphides, sulphites, sulphates, and water, 
together ivith other substances, as impurities. 

To prepare a solution for analysis, dissolve 10 grm. of the sample in 
boiled, distilled water. Filter, but only if there is a considerable qunntitj 
of undissolved matter, and dilute the filtrate to 1 litre. 
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Total Alkali. Titrate 50 ml. of the solution with standard sulphuric 
or nitric acid of approximately deeinormnl concentration, using methyl 
orange as indicator. The use of nitric acid is advantageous in connection 
with the determination of chlorides. The result of the titration gives a 
measure of the total carbonate, bicarbonate or hydroxide, and sulphide. 

Sodium Carbonate and Other Alkali, Titrate a second 50-ml. portion 
of the solution of the standard acid, using phenolphthalein as indicator. 
If the volume of acid used with methyl orange is stibstnntially more than 
double that now used, the soda ash contains bicarbonate ; if less than 
double, the ash contains hydroxide. In the former case, add a suitable 
quantity of standard sodium hydroxide to an aliquot jxjrtion of the sample- 
solution, and determine the bicarbonate by the method given on p. 180. 
In the latter ease, precipitate the carbonate with barium chloride and 
titrate the hydroxide with standard acid (p. 120). In doubtful cases, add 
sodium hydroxide before precipitating the carbonate. 

If an appreciable quantity of sodium sulphide is present in the ash, cool 
the vessel containing the barium carbonate and sodium hydroxide. Filter, 
and titrate the filtrate with acid, using methyl orange as indicator. The 
result gives sodium hydroxide (or bicarbonate) and sulphide. 

Sulphide plus Sulphite. Neutralise an aliquot portion of the original 
solution with acetic acid> and then odd that acid in slight excess. Titrate 
with 0*1 N, iodine, using starch as indicator. The volume of iodine used 
gives sulphide and sulphite (pp. 100 and 170). 

I 

Sulphide. First test to find out whether sulphide is present. Use 
sodium nitroprussidc paper, which is turned purple by .sulphides in 
alkaline solution. 

If sulphide is found, add a few millilitres of ammonia to 100 ml. of 
the original solution, and titrate the boiling liquid with an onunoniacal 
solution of silver nitrate containing approximately 10 grm, of silver per 
litre, until a precipitate of silver s^phidc ceases to be formed. If much 
sulphide is present, the precipitate must be removed by flltration just 
before the end-point is reached, and the titration must be completed 
by adding the necessary few drops of the silver solution to the hot filtrate ; 
or an excess of silver solution may be added, and the silver sulphide 
collected and weighed. 

The percentages of sodium hydroxide, sodium sulphide and sodium 
sulphite in the ash can now be calculated. 

Chloride. Neutralise 100 ml. of the original solution with nitric acid, 
adding a few drops of the acid in excess. If nitric acid has been used in 
the determination of total alkali, the volume required ^viU already be 
known. ’ Remove the HjS by boiling the solution. Neutralise the small 
excess of nitric acid with a small quantity of precipitated chalk, and 
titrate the chloride with a decinonnal solution of silver nitrate, using 
' potassium chromate as indicator {p. 103). 

Sulphate. Acidify a suitable volume of the solution Avith hydrochloric 
acid, filter if necessary, and determine the sulphate gravlmetrically as 
barium sulphate (p. 65). 
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Loss on Ignition. Ignite 10 giro, of the sample in a platinum crucible 
at 300® C. for half an hour. The loss in weight is due chiefly to moisture 
and to organic matter. If on exact analysis is required, a smaller quantity 
must be heated in a tube and the water collected and weighed (p. 02), 
Allowance must be made for the neater and carbon dioxide of constitution 
of ally sodium bicarbonate present. These will also be driven off at 300* C. 

Insoluble Matter. Dissoh’c 20 gmi. of the sample in 200 ml. of warm 
water. Allow any residue to settle. Filter througli a weighed filter-paper. 
"Wash thoroughly until the filtrate no longer shows an alkaline reaction, 
and diy at 305° C. 

Similar methods are used for black ash. 

Evaluation of Manganese Ores 

The value of a manganese ore for the preparation of chlorine and for 
many other purposes depends upon the amount of “available oxygen” 
which it contains, namely, that part of the ox>’gen which is available for 
oxidation when the ore is treated with an acid. 

, MnO, -f 2HC1 = MnCl, + HjO + 0 
2HCI -f O « 11,0 + Cl, 

Thus, half the oxygen in pure manganese dio.vidc is ** available.” 

Tliree methods for determining the oxidising \’alue of a manganese ore 
are described below. . Jlfany samples contain ferrous oxide. This reduces 
the actual amount of “ available ” oxygen in the ore, because a portion is 
spent uselessly in converting the iron to thc'ferric state. The amount of 
oxygen actually available in practice can be determined by either method 
(a) or (b). A more accurate determination of the manganese dioxide in 
the sample can be made by method (c). The determination of the lotnl 
manganese in the ore is described on p. 2CT. 

About 10 grm. of the oxide are powdered os rapidly and as finely as 
possible, and the poivder is placed in a stoppered weighing-bottle. 

Moisture. Most manganese ores contain combined water, in addition 
to hygroscopic moisture. To determine the hygroscopic moisture weigh 
out from 2 to 4 grm. of the ore accurately in a pair of watch-glasses, and 
heat the sample in an air-oven at 120°C, until its iveight becomes constant. 
Alternatively, heat 2 grm. of tlie ore in an electricaljy-heatcd tube at 
120° C. and collect the iraler evolved. Only the moisture absorbed 
hygroscopically by the ore is driven ofi at this temperature. 

Available Oxygen (a) by Fotassimn Iodide and Thiosulphate. 

About 0-5 grm. of the finely-powdered ore is accurately U'eighed into 
the small flask (Fig. 83, p. 175), and is warmed m'th about 25 ml., of 
concentrated hydrochloric acid ; the chlorine which is given off i** 
absorbed in potassium iodide solution contained in the U'tubes. The 
chlorine liberates its chemically-cquivalent quantity of iodine, and this is 
then titrated with standard sodium thiosulphate solution (p. 175). 

The available oxygen is usually calculated in terms of manganese dioxide, 
according to the equation, 

MnO, 4nci = .MnCI, -h 211,0 -f- Cl,. 
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Available Oxygen (b) by the Oxidation of a Ferrous Salt. 

Digest about 1 grm. of the accurately-weighed and finely-powdered 
ore with dilute sulphuric acid and 100 ml. of a solution of ferrous sulphate 
containing about 120 grm. of the crystals per litre, in a flask fitted with a 
Bunsen valve. Cool, and make up the solution to 500 ml. Titrate an 
aliquot portion with TiCIj solution of approximately dccinormal concentra- 
tion, using thiocyanate as indicator. A correction of the results for any 
ferric iron present in the ferrous solution must be made, and the TiCl, 
must be standardised against a standard ferric solution at the time of the 
experiment (p. 187). Altcrnntively,a known weight of the ferrous salt may 
be digested with the ore as ahow, and the excess of this salt determined 
with standard dichromate. 

Tlie available oxygen is usually calculated from this result> in terms of 
manganese dioxide, from the equation. 

2 FeS 04 + MnOj + 2H,SO* = Fcj(S 04 )s + MnSO* + 2HjO. 

Available Oxygen (c) by the Oxidation of Oxalic Acid. 

Reference to p. 15C will indicate another method of evaluating a 
manganese ore, which may be applied gravimctrically or volumetrically. 
The volumetric process is the faster and the more accurate. The weight 
of oxalic acid which can be oxidised by the manganese dioxide is obtained 
by this method ; 00 grm. of HjCjO, correspond with 87 grm. of manganese 
dioxide, and from this relation the weight of MnOt may be calculated. 

H,C ,04 + >rnO, + HjSO* = 2CO, 2HjO + MnSO*. 
Gravimeirie Method. Weigh out accurately about 8 grm. of the finely- 
powdered manganese ore (Note, p. 01). Introduce this, together with 
two and a half times its weight of neutral potassium oxalate, into a 
decomposition-flask (p. 80), allow dilute sulphuric acid to flow in, and 
collect and weigh the COj which is evolved (p. 87). 

Volumetric Method. Pour upon 1-5 grm. of the powdered ore, contained 
in a flask, 50 ml. of normal oxalic acid solution and 8 or 4 ml. of 
concentrated sulphuric acid. Heat the mixture until all black grains 
. have disappeared. The ore must originally be in a very fine state 
of division. Filter the liquid, make up the filtrate to 250 ml., and 
determine the amount of undccomposed oxalic acid in tliis .solution by 
titrating it with dccinormal permanganate solution. The weight of oxalic 
acid which has been oxidised by the MnOj is then found by difference. 

Determination of Manganese in Manganese Ores 
The Bismuthate Method. A rapid and accurate method of determining 
the total manganese in an ore consists in converting the manganese into 
permanganic acid by sodium bismuthate, and using this permanganic acid 
to oxidise a known weight of a ferrous salt. The ferrous salt is present in 
excess, this excess being back-tUrated with standard potassium per- 
manganate. 

Take 2 grm. of the fincly-powdcrci! ore and digest them with 30 ml. of 
concentrated hydrochloric acid in a basin covered by an inverted funnel. 
Any residue should be white. Wicn solution is complete, clean and remove 
the funnel, add 10 ml. of concentrated sulphuric acid, and evaporate down 
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to white fumes. Cool, wash do^vn tlie sides of the dish wth a little water, 
add 10 ml. of dilute sulphuric add, and repeat the evaporation to white 
fumes. All chlorine must be expelled. Cool, filter, and make up the 
solution to 500 ml. 

To 25 ml. of this solution, or such portion of it as will probably contain 
about 0 03 grm. of manganese, add 20 ml. of concentrated nitric acid, and 
dilute to 100 ml. The concentration of nitric acid must preferably be 
between 15 to 20 per cent, by weight. Add 1 grm. of sodium bismuthate* 
to the solution, which should have been cooled to 10® C. Shake the 
contents of the flask, and leave the flask in an inclined position for five 
minutes to allow the solid matter to settle. The bismuthate will oxidise 
the manganese salt to perman^nic add. 

Filter the solution through a Gooch crucible into a large filter-bottle 
taking care that none of the pink liquid is drawn into the side-tube 
and lost. IVash the solid in the flask by decantation %vith a solution 
containing 20 ml. of concentrated nitric acid per litre, until the filtrate is no 
longer pink. This nitric acid must be free from nitrous acid. Very little 
of the solid in the flask should find its way into the crucible. If the 
manipulation is well done, the crucible can be used ngain and again for 
filtering successive solutions. 

Dilute the liquid in the fUter-botlle until the nitric acid content is 
below 3 per cent. The bottle may now be cooled in ice, though this is 
not absolutely necessary. Add a measured excess, say. 60 ml,, of a solution 
of ferrous ammonium sulphate containing about 40 grm. of the crystals 
per litre, and titrate at once rrith standard potassium permanganate of 
approximately decinormal concentrotion. 

Standardise the ferrous solution by adding 25 ml. of that solution to the 
spent and titrated liquid in the bottle, and titrate with the permanganate. 
Under these conditions, the nitric acid oxidises the ferrous^sulphate only 
slowly, and very accurate results are obtainable. 

The following is a record of experimental results : 

Weight of ore taken = 2 032 grm. 

Tills was dissolved to make 500 mi. of solution. 

Concentration of I£MnO< = 3*13 grm. per/itre. 

Eeducinil AgenLf. Oxidising Agenh. 

SO ml. FeSOj s 25 ml. of ore .solution -f 10*7 ml. KMnOi 
25 ml. FeS 04 s 30-6 ml. lOInO^ 

Therefore SO ml. FeSOj s 01*2 ml. KMno 04 

Hence in 25 ml, of ore solution is as much manganese as is in 
<61-3 — 16-7) s= 44-5 ml. of KJIn 04 . 

Tliis quantity is 

^5 X 8-13_>< 55j? 0^)485 grm. of manganese. 

158 X 1000 - ^ 

This weight is present in grm. of ore. 

Therefore the percentage of manganese in the ore is 
0 0485 X 100 X 20 
3032 

Analysis of Limestone, Dolomite and Lime 

Limestone consists essentially of varying proportions of calcium and 
magnesium carbonates. If the proportion of magnesium carbonate is 
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large, the limestone is called magnesian limestone or dolomite. Limestone 
also usually contains moisture, silicious matter,, iron, and aluminium ; 
and occasionally manganese, alkali metals, and organic material. Since 
the constituents of limestone may vary, an exhaustive qualitative 
examination should precede the quantitative analysis. 

A quantitative analysis of lime may be made by the scheme ’now 
suggested for limestone : moisture removable in the air*oven Avill usually 
be absent, and little or no carbon dioxide svill be found if the lime has been 
thoroughly and recently burnt. The e\*aluation of lime and limestone for 
agricultural purposes is described on p. 332. 

For practice in the following scheme of quantitative analysis, select 
a homogeneous piece of dolomite. Reduce about 10 grm. of the substance 
to a fine powder, and place the powder at once in a stoppered weighing- 
bottle. 

Moisture. Dolomite rarely contains much moisture. If it is necessary 
to ascertain the percentage of moisture present, the powder should be 
dried at 200® C. to constant weight. 

Carbon Dioxide. Decompose the carbonate with hydrochloric acid, and 
determine the carbon dioxide which Is evolved as Is described on p. 80, 
using the apparatus sho^m in Fig. 02. 

Use two soda-limc absorption-lubes (/, p. 80). The second tube, or 
“ guard tube," ensures complete absorption of the carbon dioxide. It 
also indicates when the soda-lime in the first tube must be replaced, 
because the second absorption-tube undergoes a marked increase in weight 
once the soda-lime In the first lube Is nearly spent. 

Silicious Matter. Tiic insoluble residue which is left in the flask consists 
mainly of sand and clay. A small quantity of silica will probably also 
have passed into the acid solution. The whole of the silica which was 
originally present in the limestone may l>c determined as follows : 

Transfer the contents of the dccomposilion-fiask after the determination 
of carbon dioxide to a porcelain dish 10 cm. in diameter, odd 10 ml. of 
conccntratctl hydrochloric acid, and cs'aporatc the liquid to drjmcss on 
a ivatcr-bath. Heat the dish in an air-bath at 110® C. for an hour, in 
order to convert the silica into the anhydrous, insoluble condition. 

Allow the dish to cool, and then gently irarm its contents with 20 ml. 
of concentrated hydrochloric odd, which irill dissolve everything except 
the silica and the cl.ay. Dilute with svatcr, filter, and svash tlie residue in 
the filter until it Is free from acid. If the residue is large, again evaporate 
the filtrate to drjmcss svith hydrochloric acid and bake at 110® C. to 
deposit the last traces of silica. Ignite the residue in a weighed platinum 
crucible. If the residue is sm.!!), bum it with the paper; if it is large, 
burn them scparatclj*. 

The residue consists of silica and clay. Treat it svilh 5 ml. of 
hydrofluoric acid and o few drops of concentrated sulphuric acid, 
emporate to drjmess, and ignite ; repeat until there is no further loss in 
weight. The loss In weight is the silica content, except when the residue 
is large. In that case the residue should l>c fused with sodium carbonate 
ond its silica content determined (p. 270). If the residue from the 
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silica is small, it can be either neglected altogether or fused with five to 
six times its weight of potassium bisulphate. The melt should then be 
dissolved in dilute hydroclilorie acid, and this solution should be added 
to the filtrate from the silica. 

Note. If the percentage of silidous matter is greater tlian 5, it is better to treat 
the carbonate as an insoluble silicate, and to determine silica by the method given 
on p. 274. / 

Ferric Oxide and Alumina. Add a considerable quantity of ammoaium 
chloride solution, followed by ammonium hydroxide in verj' slight excess. 
If any ferrous iron is present, oxidise it by adding o little bromine water 
to the filtrate and washings from the silica determination, and remove 
the excess of bromine by boiling. Heat the solution nearly to boiling, and 
filter. 

Wash the precipitate of aluminium and iron hydroxides thrice with hot 
'water ; dissolve it in hot, dilute hydroelUoric acid, and reprccipitate the 
iron and aluminium hydroxides by the addition of ammonium hydroxide 
in slight excess. 

This second precipitation separates any calcium, which may be precipitated as 
carbonate (with the iron and aluminium hydroxides), by the ammonium carbonate 
T^hich may be present in the ammonium hydroxide. 

Filter, and wasli ^ritli the precipitate ivith a hot, 2 per cent, solution of 
ammonium chloride. Mi.x together all these filtrates and wasliings. 

Dry the precipitate In a steam-o\*en, and ignite the paper and the 
precipitate together at a bright red heat in a platinum crucible. Weigh 
the ignited residue of Fe^Oa and Al,Oa. Retain this residue, if necessary, 
for the determination of the iron and the aluminium (see below). 

If the limestone contained phosphate, the iron and ammonium will 
have been precipitated partially as phosphates. The phosphorus in the 
original material must be determined, and o suitable allowance must be 
made for it (pp. 77 or ISO). 

Determination of Iron and of Aluminium by Difference. The ignited and 

• ■ ■ ■■ ■ .'T i' ightofsohd 

1,1 ...1 i , . . . hot, dilute, 

; , . ■ ' , • ■ ly; e.g., by 

reduction with stannous chloride followed by titration with standard potassij^ 


of Kiu AljO,. 


solution. 


Manganese. If only a trace of manganese is present in th® limcsl^e, it 
determination may be neglected, since it will be precipitated willi me iron a 
will 0.1056 no appreciable error in the weight of Fe,Oj obtained. ’ 

there is an appreciable quantity of manganese present, the iron and aluminit 
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imist first be jirccipiUilod as basic acetates (p. 303) ; the is then 

prccipifatcd from tfic filtrate as hydrated dioxide, wliich is dissolv’ed in hydro* 
chloric acid and determined volumetrically bj* the bismuthate process (p. 207). 
Tiie dioxide may be precipitated by the addition of ammonium liydroxide and 
bromine to the basic acetate filtrate. • 

Calcium. Jlix together the atnmoniacal filtrates and washings from tlic 
iron and aluminium precipitate, add 30 ml. of 50 per cent, ammonia 
solution, heat the liquid to boiling, and odd a moilcrate excess of ammonium 
oxalate (p. 70). Filter, and wash the precipitated calcium oxalate two 
or tliree times. Dissolve the precipitate in hot dilute hj'drochloric acid : 
filter if necessary, and reprecipitate the calcium oxalate by adding a slight 
excess of ammonium hydroxide solution, together wtli a few drops of 
ammonium oxalate solution. Filter ; wash, dry', and ignite the precipitate, 
and weigh the calcium as oxide, or determine the calcium oxalate volu* 
nictrlcally with standard permanganate (p. 157). 

The excess of ammonium salts retains most of the m.agnesiiim in solution, but 
if much magnesium is present, repreclpitation is necessary' to remove this metal 
from the precipitate of calcium oxalate. 

Magnesium. Pour the filtrates and washings from the calcium oxalate 
precipitation into a covered porcelain dish of diameter 15 cm. Add 
20 ml. of concentrated nitric acid (or 3 ml. of nitric acid for every’ gramme 
of ammonium chloride present, if the latter quantity is known), to facilitate 
the removal of tlic ammonia. Ilcat the liquid, remove tlic cover when the 
vigorous evolution of gases has ceased, and cMipomte the liquid to dryness, 
lightly greasing the inside edge of the dish to prevent the solution from 
creeping over. As soon as all tlic liquid has been driven off, place the dish 
on a sand-bath or on a piece of wire gaurc, and heat to remove ammonium 
s.iUs which prevent tlic complete prcciplUition of magnesium. Treat the 
residue in the cooled dish >rith a little concentrated hydrochloric acid ; 
warm, add water, and filter if ncccs‘«ry’. Proceed ns described on p. 76. 

Alkali Metals. Four grammes of the dolomite are powdered very finely 
in an agate mortar. The carlxjnatc is dried and nccunitcly’ weighed. It 
is mixed with 1 gnu. of pure ammonium chloride and .some •! grm. of 
precipitated calcium carbonate (which is much more active than the naturul 
material) hy rubbing these compounds with the limestone in a mortar. 
Tiic mixture Is tnmsfcrrcd to a large pl.itinuin crucible or to a special 
platinum thimble. The bottom of the stsscI should first base been lined 
with a little of the jirccipilatcd carbonate. The crucible should have a 
capacity of some 30 ml., and the thimble be about 8 cm. long and 1*5 cm. 
wide at tlic mouth. The residue in the mortar is ground with successive 
quantities, about 1 grm. in nil, of the precipitated carbonate, and 
transferred to tlie top of the platinum xtsscI. The vessel should lie covered 
with n lid which fits tightly. 

It Is necessary to run a blank in parallel, using 1 grin, of the ammonium 
chloride and the same weight of precipitated clialk ns usetl in the assay. 

Tlic cniciblc is placed in a liolc In an abscstos .sheet (or the thimble in 
Us special holder), and heated grntly for about fifteen minutes until the 
odour of ammonia can no longer be detected ; but at no time should the 
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temperature be liigli enough to volatilise the ammonium chloride. During 
this period, calcium chloride is produced : 

CaCO, + 2NH,C1 = CaCI, -f 2NHj + HaO -f COj. 

The temperature is then raised gradually until the bottom of the crucible 
is at a bright red heat, and this temperature is maintained for an hour. 
During this time, any silicates present are attacked, with the formation 
of calcium silicate and sodium and potassium chlorides. As these latter 
salts are appreciably volatile at a bright red heat, it is important to see 
that the lid of the crucible does not get too hot. The crucible is allowed 
to cool, and the sintered cake is gently removed from it and transferred 
to a large porcelain dish. A few drops of water are added and this cake is 
slowly slaked. Some 50 ml. of lime water are added and the dish is heated 
on a water-bath and the mass broken up wth a glass rod. The purpose of 
the lime water is to prevent the magnesium from going into solution. 

The liquid is decanted through a paper into a porcelain dish. The 
digestion of the mass in the dish wth quantities of 50 ml. of lime water is 
repeated four times and the residue on the paper is washed with 50 ml. 
of a boiling, saturated solution of slaked lime. It is well to test the residue 
with hydroclilorie acid. If it dissolves easily, leaving no grit, the decom- 
position of the dolomite has been complete. 

The filtrate is boiled and the calcium is precipitated by adding 
ammonium hydroxide and nmmonium carbonate. This precipitate should 
be collected, washed, dissolved in hydrochloric acid and reprecipitated, 
the runnings being added to the first filtrate. The filtrate from the calcium 
is evaporated to dryness and baked to drive off the ammonium salts. 
The residue is dissolved in a small volume of water and treated ^th a 
few drops of ammonium hydroxide* and ammonium oxalate solution to 
remove the last traces of calcium. This precipitate is filtered off and the 
filtrate is evaporated to dryness in a small, weighed platinum or porcelain 
dish, and heated to a dull red heat. Tlie cooled residue is treated with a 
drop of hydrochloric acid and reheated very slowly, again to n dull red 
heat. The residue gives the weight of the NaCl + KCl. 

The residue in the dish may be extracted with water to make sure that 
it is all alkali salt, but the solution must be kept. 

The Proportions o! the Sodium and Potassium Chlorides which are 
present in this residue may be determined by one of the following 
methods, (a), (b) or (c) ; but the total weight of the chlorides is often 
simply reported as " alkalis.” 

(fl) The weighed residue is dissolved in water, a few drops of HCl and 
an excess of platinic chloride are added, and the potassium is determined 
as KtPtCl«(p; 80). The corresponding weight of potassium chlorideisnow 
calculated, and the weight of the sodium chloride is found by difference. 

(6) The weighed residue is moistened with concentrated HCl and 
dissolved in a small quantity of water, and the potassium is determined as 
KCIO,(p.82). 

(c) The weighed residue of the chlorides is dissolved in water, and tnc 
weight of chlorine present is determined by titration wth standard silver 
nitrate solution. 

The weights of sodium and of potassium present in the residue may be 
calculated as follows ; 
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If X 

y 

a 

h 

then : 



(1) z + =» oj 


and 


a 


NaCl ^ KCl 
TThcnec (2) O-COC z + 0 475 y = h. 
Multiplying equation (1) by 0 COO t 

(3) 0 COUz +0 000 « 0 600 a. 

Subtracting (2) from (3) : 

0131 y s OOOO <J — b ; 
or 1/ = 0 COG a — b 


oiai 


And from equation (1) : 


b ; 


It is ctistomnrj' to return tlie results In terms of XnjO nnd K,0. 

Method (c) gives ncairalc results only when the sodium nnd potassium 
arc present In npproximatcly molecular proportions. It is useless for 
small quantities of sodium in the presence of large qiinntities of pota'ssium 
or rice rersd. 


LImestooe may also cootain Phosphate* Salphate, Sulphide* Chloride aod 
Caibouaceous htatter. The phosphate may bedctemunnl in the manner descrihed 
on n. 77 or on n. 186. 

The total sulphur can be determined by weighing out 5 grm. of the limestone 
Into an evnpomting-ba^In. After the material has been made thoroughly wet by 
■willing It round with Mater, 2 ml. of liquid bromine ore added. After ten 
minute*, 20 t ‘ 1 • * *'** 1 •> . ; « •» . 

solution H l« ''.••• 1 • • . •• 

rfmovc<l iiy : ■ • ' • • « - • . i p „ 

If the treatn- • S ■ • *. . ? " • . . .i, • • , . , . 

sulpluite will be given by till* process. 



material. If the CO, present as carbonate lias already been determined (p. 85), 
the pcrcrnlacc of other carlwn In the limestone can be calculated. 

Free Lime (Srolfe method). Tills drlerminatinn Is partleiiHrly important with 


presiouily u*c<l. I« ftdde<I (z ml.). Any lumps are broten up (by means of n glass 




274 


•APPLIED QUANTITATIVE ANALYSIS 


rod), and the volume of the mixture is made up to 1 litre with cold, freshly-boiled 
distilled water. After thirty minutes SOO ml. of the clear top liquor are removed 
and titrated slowly with 0-5 N. hydrochloric acid, with phenolphthalein as 
inditetor, until the solution remains colourless for one minute (i/ ml.). Then the 


Analysis of Silicaies which can be Decomposed by 
Hydrochloric Acid 

Many natural silicates are completelj’ decomposed when finely-powdered 
and heated for some time •\vith concentrated hydrochloric acid. Many 
artificial silicates, such as the slags obtained in smelting iron ores, “ stone- 
lime,” lias lime, cements, mortars and cement-mortdrs, are also completely 
decomposed by this treatment. _ This class of natural silicates usually 
consists mainly of the silicates of calcium and aluminium, but may also 
contain silicates of iron, manganese, magnesium, and the alkali metals. 
Slags frequently contain sulphides and phosphates also. 

If the silicate cannot he completely decomposed by hydrochloric acid, 
it must be treated with fused sodium carbonate (pp. 270 et seq.). For 
special purposes, howe\'er, the portion decomposable by acid is sometimes 
treated as is directed below, and only the matter left undecomposed by 
acid is subsequently treated by the fusion method. 

Cemoits. In the examination of cements and of some natural silicates, It wdll 
usually be necessary to determine tiie amount of “ soluble silica " present, os well 
as the total amount of siiica. The soluble silica is that part of the total silica 
which was in combination witii bases in the substance, and which, after separation, 
differs from the rest in tliat it is soluble in an alkaline solution. 

Mortar and Lime. In anal}*sing mortars and lias or stone-lime, the material 
soluble in cold, dilute acid is first removed by repeatedly stirring the finely- 
powdered substance ^rith cold, dilute (lO per cent, by volume) hydrochloric acid, 

and any residue of sand or “ grit **'• ** ' • ** 

The solution is then treated as is ( • . ■ I ■’ *' ' • 

of lias-lime, the ” soluble silica *' ’ ' . ' • . ’ ■ . . » 

the acid solution to dryness. 

If the insoluble matter in the mortar bas to be further examined, the acid 


grit arc sharp. 


Total and Soluble Silica. If the silicate is completely decomposable by 
hydrochloric acid, weigh out accurately from 1 to 1*5 grm. of the finely- 
powdered substance, and heat it with a little concentrated hydrochloric 
acid in a covered evaporating-dish. As soon as the decomposition is 
complete, evaporate the liquid to dryness on a water-bath, mth constant 
stirring, and heat the dish in an air-bath at HO® C. for one hour. Tre.'it 
the residue witli hydrochloric add, and filter off, wash, and collect the 
silica (p. IQO). The filtrate should again be evaporated to dryness and 
baked at 110® C. to ensure the complete rcmo\'al of the silica. Ignite and 
weigh the precipitates. Retain the filtrate and ^vashings. 

Note. In order to ensure tliat the silicate is quantitatively decomposed by 
hydrochloric acid, weigh out about 1 grm. and digest it with the hydrochloric acio. 
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Evaporate to dryness once and bake at 110“ C. Extract the chlorides with 
hj-drochloric acid, and filter and Tfash the precipitate. Ignite it in a %\eighed 
platinum crucible and treat it with hydrofluoric and sulphuric acids. If th^re is 
now an appreciable residue, the silicate has not been (Mmpletely attacked by the 
hydrochloric acid. Therefore a fresh portion of the silicate must be fused with 
sodium carbonate. 

Soluble Silica. In order to distinguish between “ soluble silica ” (the 
combined silica which was present in silicates which have been decomposed 
by the fiydrochloric acid) and “insoluble silica” (which was originally 
present in the free state in the substance), treat the silica precipitate in a 
large platinum dish for one hour at 100® C. >vith a 5 per cent, solution of 
sodium carbonate. The soluble silica is dissolved. Collect the insoluble 
silica and wash, ignite and weigh it. 

The result obtained may not be absolutely correct, because a small 
quantity of the “ insoluble silica ” may also be dissolved by the 
carbonate. 

Qthei Elements. If manganese is absent, the iron, aluminium, calcium, 
etc., are determined in the filtrate from the silica by the methods described 
on pp. 270 el seq. 

If manganese is present in appreciable quantity, the iron and aluminium 
are separated by the basic acetate process (p. 300). The manganese is 
separated as sulpliide (p. 278; sec also p. 270), and the calcium and 
magnesium are determined as oxalate and pyrophosphate, respectively. 

The manganese is determined colorimctrlcally in a fresh portion of the 
silicate. 

Phosphates arc determined by the ammonium molybdate process 
(pp. 77 and 130) ; or as magnesium pyrophosphate, after separation as 
phosphomolybdatc (p. 78) ; and sulphur as sulphate (p. 05). 

For some Restdts obtained by the Analysis of Lime, Mcrtar and Cement, see 
Tables V. and VI,, pp. 403 and 494, 

Analysb of Insoluble Silicates 


such as beryl, which contains beryllium, and petalite, which contains 
lithium, will be found in special treatises (p. 510). 

Practice in the anlysis of on insoluble silicate may be obtained by 
nnalj-sing orthoclase (potash felspar). 

Preparation of the Silicate. Powder very’ finely about 5 grm. of potash 
felspar In the following way ; Break the rock into coarse fragments with 
a hammer on a polished anvil. Next, powder these fragments in a per- 
cussion mortar (Fig. 19, p. 23), and flnolly grind the particles so obtained 
in an agate mortar until they arc converted into an impalpable powder. 
The success of the analysis largely depends upon the careful reduction of 
the substance to a powder, which can only be considered as suitable when 
it passes entirely through a B.S. 150-sicvc. 

For some purposes it is desirable to start with the silicate in a standard 
state with respect to water. One method of doing this is to air-<lry it 
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(p. 250) ond then to dry it in an oven at 105“ C. for one hour. A pair of 
clipped watch-glasses (Fig, 7, p. 11 ) wni here be found useful. The loss 
in weight at 105“ C. is a measure of the hygroscopic water. 

Treatment with JFtaed Sodium Carbonate. Place about 5 grm. .of 
anhydrous sodium carbonate in a platinum crucible which has a capacity 
of about 25 ml. Add an nccurately-weighcd quantity of about 1 grm. of 
the finely-powdered felspar. Mix these powders by means of a wanned, 
smooth, rounded glass rod, and cover the mixture with a seal of about 
1 grm. of the carbonate. Note the total weight of the carbonate used. 

Place the lid on the crucible, and heat it gently over a Bunsen flame. 
Gradually increase the temperature, taking care that no loss arises from 
the frothing which is caused by the evolution of carbon dioxide gas. The 
crucible is kept at a bright red heat for at least fifteen minutes after the 
mass has fused, until efTcrvcscence ceases and tVte fused mass becomes 
tranquil. If a muffle furnace is as’ntiablc it is convenient to use it for the 
fusion. The crucible and its contents ore first placed at the mouth of the 
furnace, to warm up slowly, and then moved slowly inwards. Care must 
be taken to ensure that the atmosphere in the muffle is oxidising. A 
stream of air should always be passing through the heated chamber. 

A blank fusion should be carried out, using tlte same quantity of sodium 
carbonate, under the same conditions as are used for the sample in every 
detail. 

Solution of the Metals, tVhen the fused mass is tranquil take up the 
crucible in a pair of platinum-tipped, or clean iron, tongs, ond swirl the 
contents round until they have solidified. Then dip the hot crucible into 
cold water to detach the melt from the sides. The water should not enter 
the crucible (see p. 07). 

If possible, withdraxr the mass from the crucible and place It 
together with the crucible and lid, in a large porcelain basin and add 
some water. Slowly add 1 : 1 hydrochloric acid, keeping the dish covered 
with a clock-glass as much as possible, to guard against loss by 
effervescence. As soon as the platinum is clean, %vithdraw it, and hasten 
the disintegration of tlie silicate mass by breaking it up with a glass rod 
Imving a rounded end. 

If any gritty particles are felt when the bottom of the vessel fa stirred 'ritb a 

§ lass rod, the decomposition of the silicate has been incomplete. This fa probably 
«e to the original sabstancre not having been sufficiently finely powdered. In 
this case start afresh. Use a more finely-powdered sample of the rock and raise 
the temperature of the crucible more slowly. 

Silica. The acid liquid containing the silica is e\-aporated to dryness 
on a water-bath. The operation will necessarily take a long time and 
there may be a definite probability that fortuitous siliciotis matter will 
fall into the dish, tn this case an lavetted filter-funnel of diameter much 
larger tlmn that of the dish should be held os’cr it in such n way that the 
dish is partially within the funnel. Not only does tlie funnel act as a 
protection, hut also it may cause a current of air to be drawn over the 
liquid and so Ixasten evaporation. As soon as the contents of the dish 
become thick and pasty, they should be continually stirred mth a rounded 
glass rod In order to prevent the formation of lumps. 
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When all the liquid has been driven off, the dish is allowed to cool, 
and its contents are moistened with 10 ml. of concentrated hydrochloric 
acid and 100 ml. of hot water. 'When adding these liquids, it is well to 
cover the dish partially by a clock-glass to prevent the expulsion of the 
dust-like silica. Tlien allow the dish to stand on the water-bath for fifteen 
minutes ; its contents should be stirred occasionally. If lumps are present, 
they should be broken up with a clean pestle. 

Filter throiigh Swcdisli filter-paper, wash with hot, dilute hydrochloric 
acid and finally with hot water, until the filtrate is free from chloride. 
Ketsvin the paper with the precipitate. Tlie filtrates ‘should have been 
coliected in a large porcelain dish. They will still contain a fairly large 
percentage of the silica. Evaporate them to dryness and bake the dish 
in an nir-oven at 110® C. for one hour to dehydrate the silica. If a 
temperature much higher than 110® C. is used, there is some danger of the 
silica reacting with the chotidcs present. Add 5 ml. of concentrated 
hydrochloric acid and 100 ml. of water to the cooled residue, and heat 
again on a water-bath. Filter through a small paper, washing with cold, 
dilute hydrochloric acid, and finally with cold water until free from 
chlorides. If great accuracy is required, the above treatment must lx* 
repeated, when a third, very small, yield of silica may result. 

Ignite the papers, which need not be dried, \vith the precipHfiSft? ir 
a platinum crucible to constant weight ; remember that, ns the pmrdrr-.l 
silica is probably hygroscopic, the covered crucible must be 
quickly and that it must be cooled in an efficient desiccator * 
weighing. TJien remove tlie silica by treatment with bydroSa-T’- r* 
sulphuric acids, igniting tlie crucible and residue, \ and detsrmrrse .* t 
difference (p. 100). Fuse the residue uilh potassium biaSph'i-* '■ 
extract the melt svith water, adding the solution from the *5!.“' *’• " 
filtrate (p. 2G9). 

Iron, Aluminium, Calcium and Magnesium. The meHniir-* 
under Limestone (pp. 270-271), 


Alkali Metals. Since the silicate has been treated vitb-efi 
the alkali metals cannot be determined in the Cltnitefrmr 
A separate portion of the felspar must accordmr^" ' 
method is that of Lavrrence Smith (p. 271). 
suitable for the determination of the alkali raetilxrr ' ' ’ 
the finely-powdered rockismixcdwithalgriii.cfrr^ 
and 7 grm. of precipitated calcium carbemoti;. ‘ 

mixing is carried out is cleaned with a further 2 rrr 



For some Results obtained by the Anslrsu 
refer to Tables III. and V., pp. 491 and 493. 
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tj^jes of glass that a preliminary qualitative examination should alvrays 
be made and a scheme of analysis formulated to suit the characteristics 
of nn individual sample. The following notes may be of use in the 
preparation of such a scheme. 

Prepare the glass for anaij’sis and determine the silica in it by exactly 
the same methods as are used for the analysis of insoluble siUcates (p. 275), 
except that about 0-5 grm. of potassium chlorate should be mixed with tlie 
glass-powder and the sodium carbonate, before the fusion is made. 

Boron, if present, will be in the filtrate from the silica, from which it 
must be removed before other elements can be determined. This is done 
by adding 25 ml. of methyl alcohol to the solution of the fused mass in 
hydrochloric acid, every time that the solatioa is being evaporated to 
dryness to dehydrate the silica. 

Lead is determined in tlie boron-free filtrate from the silica as follows : 
Add 1 drop of methyl orange to the solution and neutralise it with 
sodium hydroxide. Then add 2 or 3 drops of dilute hydrochloric acid. 
Saturate the solution with hydrogen sulphide, and collect the lead sulphide 
in a Gooch crucible. Wash the precipitate with water saturated with 
HjS, and dilute the filtrate, again passing H^S through it to ensure complete 
precipitation of the lead. Dissolve the lead sulphide in warm, 20 per 
cent, by volume nitric acid, and filler to remove the asbestos. Determine 
the lead in the clear solution os PhSOj (p. 74). 

Boil the filtrate from the PbS until the excess of hydrogen sulphide 
has been removed. If manganese is absent, precipitate the iron and 
aluminium, after oxidation of the iron with nitric acid, nith ammonia 
in the presence of much ammonium chloride,' if manganese is present, 
precipitate the iron and aluminium as basic acetates (p. 800). Ignite 
the precipitate and weigli the metals as oxides, examining the precipitate 
further, if necessary by the method given on p. 270. 

Calcium and Magnesium can be determined directly in the filtrate 
from the iron and aluminium, provided Group IV metals are absent 
(pp. 270 and 271). If these metals are present, they must be removed before 
the calcium is precipitated by adjusting the ammonium hydroxide content 
of the filtrate until it contains about 10 ml. of 4 N. ammonia, saturating 
with HjS, adding a further 10 ml. of 4 N. ammonia, stoppering the flash, 
and filtering after twelve hours. The precipitate of manganese and other 
sulphides must be wshed with a dilute, colourless solution of amtno*^um 
sulphide. These sulphides are appreciably soluble in a solution of yellow 
ammonium sulphide. 

Manganese is best detentiined color/metrically (p. 210) in a fresh portion 
of the sample, which must be “ opened up ” by fusion with sodhun 
carbonate and potassium chlorate. 

^Veigh out accurately about 1 grm. of the finely-powdered 
class into large platinum crudble, and digest it with 2 grm. of oxalic 
acid crystalVf od 20 ml, of 60 per cent, hydrofluoric acid. Evaporate the 
liquid to dryu.css. The silica is thus removed and the metals present are 
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converted to the oxalates. Heat the crucible just hot enough to expel 
the excess of oxalic acid. Cool, add 10 ml. of water and l-S grm. of oxalic 
acid. Repeat the evaporation and heating. This process should be 
repeated once more, using the same volume of water and the same weight 
of oxalic acid. 

Treat the residue with hot ^vatcr and filter off the lead and calcium 
oxalates; the alkali oxalates will be in the filtrate. Evaporate the latter 
to dryness and heat to convert the oxalates into carbonates. Tr^t the 
residue of the alkali salts mth more hot water, and filter off any insoluble 
carbonates. Evaporate the filtrate to dryness with hydrochloric acid to 
remove the last traces of silica. Treat the residue ^vith dilute hydrochloric 
acid, filter and evaporate to dryness. The contents of the crucible will 
now be sodium and potassium chlorides only. Weigh this residue, and 
determine the potassium as perchlorate (pp. 80 and 82). 

Boron. Fuse 0.5 grm. of the finely-powdered glass witli six times its 
weight of anhydrous sodium carbonate. 

(а) Gravimtlric Determination of B^Oz- The fused mass is allowed to 
cool and is extracted 'vith \vatcr, and the solution is filtered and 
evaporated to a small volume. The filtrate, which contains tlie borate, 
Is -acidified as is described on p. 102, and is transferred, with any silica 
which separates, to the retort A (Fig. C8, p. 103), and the BjOg is deter- 
mined as directed. 

(б) Volumetric Determination of BgO,. Treat the cool mass, resulting 
from the fusion, with 25 ml. of 50 per cent, hydrochloric acid, add a few 
drops of HXOj to oxidise any ferrous iron which may be present, and 
place the liquid in a 250-ml., round-bottomed flask. Heat the contents of 
the flask nearly to boiling, add dry, precipitated CaCOg in moderate 
excess, and boil vigorously under a reflux condenser for about ten 
minutes to destroy bicarbonate and to precipitate the AlgOj and FcgOj 
completely ; the condenser will return the slightly-volatile boric acid 
to the flask. Filter througli a small Buchner funnel, and wash the 
precipitate several times with hot water, keeping the total volume of 
liquid below 100 ml. Return the filtrate to the flask, add a little CaCOg, 
and beat nearly to boiling. Take away the burner, and remove the last 
traces of COg by connecting the flask with a filter-pump, through a trap, 
and continuing the suction until the boiling has nearly ceased. If the 
liquid is reddish in colour, ferric liydroxide is probably present and must 
be removed by filtration. 

The boric acid can now be determined. Add a few drops of 
phenolphthalein to the contents of the flask, and titrate with dccinormaJ 
sodium hydroxide until the liquid is distinctly pink. Then add 1 grm. 
of mannitol or 10 ml. of glycerol, when the colour will disappear. 
Continue the titration until the pink colour returns. Make sure that this 
end-point is genuine by adding a second, or perhaps even a third, portion 
of mannitol or glycerol ; the volume of the sodium hydroxide necessary 
to cause the return of the colour >vill serve ns a guide to the number of 
portions it is desirable to add. From the volume of standard NaOH 
solution used, calculate the weight of B*0, present (p. 132). 

For the Composifipas of certain Glassy, refer to Table VI., p. 494. 
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Analysis of Zinc-Blende 

ZinC'blende consists essentially of zinc sulphide, which is, however, 
commonly associated with galena or lead sulphide, and occasionally with 
calamine or zinc carbonate. The ore may also contain iron, aluminium, 
manganese, copper, cadmium, and other metals. 

Moisture. The moisture is usually adherent only, and is not combined ; 
it can therefore be determined by drying at IDS" C. 

Solution of the Ore. “ Open up ” the ore with hydrochloric and nitric 
acids, and fume with sulphuric acid as is described on p. 261. 

Determination of Silica and Lead. After cooling the dish, dilute its 
contents with water and filter. Wash the residue on the paper with water 
containing a few drops of sulphuric acid, and finally with methylated 
spirit until all the acid has b^n removed. Add the first washings to 
the filtrate and keep this liquid, but reject the alcoholic washings. 

The solid residue consists of gangue or earthy matter, silica, and lead 
sulphate ; dry it in the steam-oven, ignite it apart from the filter, and 
weigh it after converting any lead, which has been reduced by the burning 
paper, into sulphate (p. 74). Dissolve out the lead sulphate from this 
residue by boiling it with strong ammonium acetate solution made alkaline 
with ammonium Iiydroxide. Repeat this treatment with fresh portions 
of the solvent until no lead can be detected In a drop of the acetate solution, 
when it is tested with a solution of potassium dichromate. Again diy the 
residue, and ignite and weigh it. The Joss of weight on extraction with 
the ammonium acetate solution represents the lead sulphate which the 
residue contained (^ce also “ Lead in Galena,” p. 282). 

In exact analysis, the sUlcious matter, after the removal of the lead 
sulphate, should be treated with hydrofluoric acid, and the residue fused 
with potassium bisulphate j the melt is extracted wth water and added 
to the original filtrate from the silica. 

Copper and Cadmium. Separate these metals from the filtrate from the 
silica, as sulphides, following the directions given on p. 201. A portion 
of the filtrate and washings, after dilution, must be tested with hydrogen 
sulphide, in order to make sure that no copper remains in solution. This 
portion is subsequently added to the main filtrate. 

If cadmium is present in the ore, dissolve the sulphide precipitate 
in dilute nitric acid, and remove the sulphuretted hydrogen and oxides 
of nitrogen by boiling. Determine the copper by electrolysis, using a 
solution in nitric acid (p. 230) ; or either gravimetrically (p. 01) or 
volumetrically (p. 182) os tliiotyanate, after removing the nitric acid by 
fuming with sulphuric acid. ’If cadmium is absent, dry the sulphide 
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mth HjS, dissolve it in hydrochloric acid, transform it to sulphate, and 
weigh it ns such (p. 95). 

Alternatively, if the quantity of cadmium present is small, transfer the 
filter-paper containing the sulphide to a stoppered bottle. Add 200 ml. of 
air-free water, and shake the bottle violently to break up the paper 
and the precipitate. Add a few millilitres of dilute hydrochloric acid 
and, without waiting for the sulphide to dissolve, an excess of a standard 
solution of iodine : 

ais + 2HC1 -b la = CdCla + 2HI -f S. 

Titrate the excess of iodine with sodium thiosulphate, using starch as 
indicator. 

Iron. Boil the filtrate from the CuS until the hydrogen sulphide is 
removed. Then add nitric acid to oxidise the iron. 

If manganese is absent, precipitate the Iron as ferric hydroxide (p. 270) ; 
a double precipitation will be necessary. If manganese is present, 
precipitate the iron by the basic acetate method (p. 800), using a double 
precipitation if the precipitate is at all bulky. Filter, wash, dry and 
ignite the precipitate, and weigh the Iron os FcjOj ; or dissolve the 
precipitate in hot, 50 pet cent., hydrochloric acid, reduce the iron with 
stannous chloride, and titrate it with standard potassium dichromate 
solution. Tliis latter metJiod is preferable. 

Manganese. Roast the ore in an open dish to remove sulphur. Digest 
it for half an hour on a water*bath with 25 ml. of concentrated hydrochloric 
acid. Remove the hydrochloric acid completely by fuming with sulphuric 
acid. Cool, dilute somewhat, and filter. Add 80 ml. of concentrated nitric 
acid, and determine the manganese by the bismuthate process, first 
removing any oxidisable matter by a preliminary treatment with sodium 
bismuthate (p. 311). 

Zinc. If manganese is absent, zinc may be determined directly in the 
filtrate from the iron. If the basic acetate separation for iron has been 
used, the manganese will be present with the zinc in the filtrate. It must 
be removed by adding an excess of bromine water, together -with an excess 
of ammonium hydroxide, boiling, and removing the precipitate of 
manganese dioxide by filtration. Determine the zinc volumetrically mth 
ferrocj’anide, using uranium acetate ns indicator (p. 109). 

AUcmaliveJy,in the absence of Cu,Mn,Niand Co, the zinc may conveniently be 
precipitated in the form of zinc pyridine Uiiocyanate, zij(CNS),,2CjH,N, aa 
follows : — 

p.. 1 -1 .... ~ ^ . “ r ‘ ' TI' ' ■ 

• . , ’ S. X' ■ ■ ■ . . 

cupboard) 1 to 15 drops of pjTidmc. As’oid too great an excess, as indicated by 
the formation of an oily layer and by the strong odour. Filter tlie cold mixture 

through a Goocli crucible, wash — ■ “ '7 

cent, each of pyridine, NlIjCNS i *i ' *. * . • 

matter, treat the residue with . ....... . , , 

complete oxidation, and finally e ■■ ■. . 

It ns ZnO. 

Sulphur may be determined any of the tlirce methods given on 
p. 08 etseq . ; preferably, fuse 0 5 grm. of the ore with sodium carbonate 
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and potassium nitrate. E?rtract the fused mass ^vith water, acidify with 
nitric acid, and remove the elements which interfere with the determination 
of sulphur, namely, lead, iron and aluminium, by adding an excess 
of sodium carbonate solution and boiling for at least half an hour. Any 
lead sulphate wll be changed into lead carbonate. Filter, and wash the 
residue. Acidify the filtrate and washings with dilute hydrochloric acid, 
and concentrate the solution by evaporation. Add concentrated liydro- 
chloric acid in excess nnd evaporate to dryness to expel all nitric acid. 
Repeat the evaporation with hydrochloric acid, if this is thought to be 
necessary. Dissolve the residue in water which has been acidified with 
hydrochloric acid, filter if necessary, and determine the sulphur as barium 
sulphate (p. 68). 

Carbonate. Heat 4 grm. of the finely-powdered ore with dilute 
sulphuric acid, in which some chromic anhydride has been dissolved ; the 
carbon dioxide, which is evolved, is collected and weighed. TJie carbon 
dioxide is bubbled through a saturated solution of chromic anhydride to 
which a little dilute sulphuric acid has been added, before it passes into the 
soda-lime tubes. The chromic acid prevents the evolution of hydrogen 
sulphide nnd sulphur dioxide, which would also be absorbed. 

For the Results c! Analyses of Zinc-Blende and Zinc Concentrates, refer to 
Table IV., p, 492. 


Anal)«is of Galena 

Galena consists essentially of lead sulphide ; but it may also contain 
sUicious matter, silver, copper, antimony, zinc nnd iron. , 

The determination of the percentage of silver is frequently of great 
importance. The amount is usually too small to be obtained accurately' 
by precipitation, and dry assay methods (p. 340 cl scq.) should be used. 

Moisture. Weigh out accurately about 1.5 grm. of the finely-powdered . 
ore, heat it at 105° C. to constant weight; collect the water given off. 
Usually very little moisture is present. 

Silica and I<ead. ^Veigh out about 1 grm. of the ore and digest it irith 
20 ml. of concentrated hydrochloric acid in a conical flask, in the neck of 
which a small funnel lias been placed, ■\nien the reaction appears to be 
over, add successive small quantities 'Of nitric acid nnd boil. No black 
specks of undecomposed ore should be left. Sometimes the solution of 
these black specks can be hastened by the cautious addition of about 1 ml. 
of bromine to the cooled liquid. 

Transfer the solution and any residue to a basin, and evaporate it to 
dense white fumes witli 5 ml. of concentrated sulphuric acid. Proceed 
os in the determination of fead in zinc-blende (p. 280). To ^sure accuracy 
add dilute sulphuric acid in slight excess to the solution of the lead sulphate 
in ammonium acetate, and remove the acetic acid by evaporation. Deter- 
mine the lead gravimetrically as lead sulphate (p. 74) ; orns lend chromate, 
either voluractncally (pp. 154 or 178) or gravimetrically (p. 74). If a 
chromate method is selected, the ammonium acetate need not be 
removed. 
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Copper. Dilute the filtrate from the lead to about 400 ml. and raise 
the sulphuric acid content to about 5 ml. per 100 ml. of solution. Ilcat 
to 80® C., and saturate the solution with hydrogen sulphide. Allow the 
liquid to stand, and filter off the precipitated sulphides of copper and 
antimony. Wash the precipitate, as rapidly as possible ^vith water 
containing hydrogen sulphide, and cover the funnel with a clock-glass 
so as not to expose the precipitate unnecessarily to oxidation by the 
atmosphere. Keep the filtrate and washings. 

Dissolve 5 grm. of sodium sulphide in 50 ml. of water, using a small 
beaker. Add the paper containing the sulphide precipitate, and boil 
for about a minute. If the solution is yellow, sodium polysulphide, in 
which copper sulphide is soluble, will probably be present. Reduce 
the polysulphidc to sulphide by the addition of a solution of sodium 
sulphite, using only a small excess. Dilute to 150 ml., and heat on a 
water-bath for half an hour. Collect the precipitate, which will be 
copper sulphide, and wash it with a dilute solution of sodium sulphide. 
Tile filtrate will contain the antimony. Diy the precipitate and ignite 
it, together with the paper. In an open dish. Determine the copper by 
one of the methods on p. 280. 

Antimony. Acidify tlic sodium sulphide filtrate with hydrochloric acid 
and saturate it with H,S. Collect and wash the precipitate of antimony 
sulphide, and cither convert it to Sb^Oi and weigh it as such (p. 05) ; 
or dissolve the sulphide in concentrated hydrochloric ocid, boil oft the 
HtS, add 5 ml. of a saturated solution of SO^, and enough sulphuric acid 
to bring the strength of that acid In the .solution to 30 per cent, by volume. 
Boil off the excess of SO„ dilute, cool to below 10* C. and titrate with a 
solution of potassium permanganate. The antimony solution to be 
titrated must contain about 'lO per cent, by volume of hj'drochloric acid 
and 10 per cent, by volume of sulphuric acid, and the permanganate 
must be standardised against a standard solution of antimony reduced in 
the same way. At the end-point, the pink tint of the permanganate will 
persist for*tcn seconds. 

In the event of the titration being unsatisfactorj', concentrate tlie spent 
liquor, reduce it again with SO|, and rci»eat the determination. 

Iron and Aluminium. Boll off the hydrogen sulphide from the original 
filtnitc from the copper, add a few drops of bromine water to convert the 
iron into the ferric state and boil off the excess of bromine. Then add 
ninmoiiium chloride solution and n slight excess of ammonium hydroxide. 
Filter, wash the precipitate twice, rcdissolvc it in hydrochloric acid, and 
precipitate it again with ammonium lijxlroxidc. Filler off the precipitate, 
dry and ignite it, and weigh ns Fe,0, + AI,0,. The determination of the 
iron in this precipitate has already hwn described (p. 270). 

Zinc. Combine all the llltmtcsnnd washings from the iron and aluminium 
precipitate, and titrate them with dilute sulphuric acid until the solution 
i-, neutral to methyl red. Add sulphuric acid in excess to bring the content 
of the solution with respect to that acid to about ccntinormal. Pass a 
rapid stream of II, S through the solution, which should l>c at room 
temperature, for thirty minutes. Allow the precipitate to settle. Filter 
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and wash the zinc sulpliide' with cold water. Dissolve it in 50 per cent, 
hydrochloric acid, boil off the HjS aijd determine the zinc with ferrocyanide 
(p. 199). Precipitation with HjS in the presence of a small quantity of 
mineral acid separates zinc from manganese, nickel and cobalt. 

Sulphur is determined in the same way as is sulphur in zinc-blende 
(p. 281). Care must be taken to transform any lead sulphate produced 
into lead carbonate. 

The sulphur in galena can also be determined accurately by heating 
the finely-powdered ore with iron powder. The iron sulphide produced 
is treated with hydrochloric acid, and the hydrogen sulphide is collected 
in hydrogen peroxide (p. 69). 

For the Results of an Analysis of Lead Concentrates, refer to Table rv.,p. 492. 

Analysis of Copper Pyrites 

Copper pyrites is the commonest ore of copper. It consists essentially 
of a double sulphide of copper and iron, having the formula CuFeSj. The 
ore, however, usually contains silicious matter and small quantities of 
lead, bismuth, aKcnic, antimony, manganese, and zinc, and occasionally 
nickel and cobalt. 

A qualitative analysis of the ore should always precede the quantitative 
determination. 

Moisture. The finely-powdered pyrites is heated in a steam-oven until 
its weight becomes constant, or, better, in a tube at 105“ C., the water 
being collected. As some specimens of pyrites also lose sulphur at this 
temperature, care must be taken that none of this element Is also collected 
and weighed. 

Insoluble Matter. 'Weigh out accurately about l grra. of the ore into 
a porcelain evaporating-dLsh. Add 10 ml. of concentrated nitric acid 
which has been saturated with potassium chlorate, and allow the mixture 
to stand in the cold for fifteen minutes, the dish being covered with an 
inverted funnel to prevent loss by spirting. Then heat on a water-bath, 
adding 10 ml, of concentrated hydrochloric acid in small quantities from 
time to time. As soon as all the sulphur, which separates out at first, is 
dissolved, transfer the dish to a hotplate, add 7 ml. of sulphuric acid, and 
evaporate the solution to dense white fumes in order to remove the nitric 
acid and to render the silica insoluble. 

Dilute cautiously with some 75’ ml. of water and heat until all the 
somewhat insoluble ferric sulphate has dissolved. Filter off and wash 
the residue, and retain the solution and washings. Determine the lead 
and silica in the residue In the way described under zinc-blende (p. 280). 

Copper. Separate the copper from the filtrate from the insqluble residue 
by the use of aluminium foil (p. 202). Dissolve the copper in nitric acid 
and determine it iodometrically or elcctrolytically (p. 228). 

Arsenic. Dissolve about 1 grm. of the ore in a mixture of nitric and 
hydrochloric acids, and remove the silica and lead (see above). Saturate 
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the hot, acid filtrate irith hydrogen sulphide to precipitate the sulphides 
of copper, arsenic, and antimony, together with any traces of lead (p. 261). 
Wash the precipitate with hydrogen sulphide water and retain the filtrate. 

Dissolve the arsenic and antimony sulphides in sodium sulphide (p. 283). 
Filter, and wash the paper with hydrogen sulphide water. Neglect the 
precipitate. Make the filtrate just acid with hydrochloric acid, and 
reprecipitate the arsenic and antinjony by again saturating the solution 
with hydrogen sulphide. Filter, wash, and dissolve the sulphides in 1 ; 
1 HCl to which a few crystals of potassium chlorate have been added. 
The metals are then in the pentavalent state. Heat the solution on a 
water*bath until all chlorine h.'is been expelled. 

Dilute to about 100 ml., add 3 grm. of tartaric acid in solution, and 
50 ml. of magnesia mixture ' (p. 78). Precipitate the arsenic as 
magnesium arsenate and determine it as magnesium pyroarsenate 
(p. 70). 

Note. A little arsenic may be left in the solution and a little antimony may be 
precipitated ivith the arsenate, but the results are usually accurate enough for 
practical purposes. Information about more accurate methods, which arc 
necessarily more elaborate, must be sought elsewhere. 

Antimony. Reprecipitate the antimony in the filtrate from the arsenic 
once again vrith hydrogen sulphide. Convert the sulphide into SbjOi, and 
weigh as this oxide (p. 05). 

Iron; Manganese, and Zinc. These metals are determined in the acid 
solution from which the copper, orsenic and antimony have been removed 
as sulphides. The excess of hydrogen sulphide is removed by boiling, the 
iron is oxidised by nitric acid or by bromine water, and the elements are 
determined by the methods indicated under zinc-blende (p. 281). If 
the ?lnc is present in very small quantity, it should be precipitated from a 
very weakly acid solution as zinc sulphide, and determined as ferto* 
cyanide (p, 199). 

Sulphur. See under “ Zinc-BIcnde ” (p. 281). 

The Results ol Analyses ol Copper, Iron and Burnt Pyrites are given in Table IV., 
p. 492. 


Analysis of Brass 

Brass is an alloy consisting mainly of copper and zinc, but small 
quantities of lead, iron and other metals are usually present. 

Preparation of the Sample. The sample for analysis should be removed 
with a drill, since, if a file is used, its teeth may be broken off and the 
proportion of iron in the filings consequently increased. If necessary, 
the sample can be passed between the poles of an electromagnet to remove 
iron which has been accidentally introduced. 

Copper can be determined accurately and rapidly by electrolysis, using 
a rotating electrode (p. 229). This method is particularly to be recom- 
mended, because the lead can be determined at the same time (p. 233). 
Wicn electrolytic apparatus is not available, the copper is best determined 
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volumetrically by the potassium-iodide-thiosulphate method (p. 177) j 
or gr3\Tmetrically, as thioc^’anate {p. 61). 

I<ead and Ito. The lead in33’ be determined electroh'ticaW^’ as PbO, 
bj’ deposition on the anode at the same time as the copper is being 
deposited on the cathode (see abo^'c). Alternate elj’, dissolve about 
7 grm. of the brass in the least possible quantity of 1 : 1 nitric acid, using 
a covered porcelain basin. IMien the action is over, e\'apQrate just to 
dr>*ness, moisten the residue -with nitric acid, and add 50 ml. of hot water. 
■\Vhen all the copper and zinc liave dissolved, set the basin aside and allow 
the raetastannic acid to settle. Collect this precipitate on a filter-paper, and 
treat it as described on p. 07, weighing as SnO*. The precipitate irill 
probably be contaminated, but if, as is generally the case, its total weight 
is small, this is mUraportant. If considerable quantities of tin are present, 
determine the tin by the method given under “ Bronze ” (p. £87). 

The filtrate from the tin should have been collected in an 
es’aporating-dish. Add. 15 ml. of concentrated sulphuric acid, and 
es’aporate to dense white fumes. If the sample is to be used also for 
the detetrnination of zinc, all nitric acid must be removed. A second 
e\'apotation, after the addition of dilute sulphuric acid, may therefore 
be necessary. Extract the cold contents of the dish with a hot solution 
containing 3 parts of Avater and 1 of alcohol, using no more of this 
solution than may be necessary. Allow the dish to stand for on hour, 
and then collect the insoluble lead sulphate in a Gooch crucible, wash 
it Arith dilute sulphuric acid and finally with alcohol, and ignite it at a 
dull red heat to constant weight, the Gooch crucible being placed on an 
asbestos pad in a Larger nickel crucible. Alternatively, dLssolve the lead 
sulphate in ammonium acetate, and determine the lead volumctrically 
by a chromate process (pp. 154 or 173). 

Zinc. Most of the elements to be found in brass interfere wth the 
determination of zinc and must be removed. If the zinc is determined in 
the solution from the lead, all alcohol roust be removed by evaporation. 
Then make up the liquid to 250 ml., and take three 25-ml. portions. If 
a fresh sample is taken, weigh out three separate portions of about 0 6 grm., 
ihssolve them in the least possible quantity of 1 : J nitric acid, using 
evaporating-dishes, add 10 ml. of concentrated sulphuric acid^and 
evaporate to dense while fumes. Cool, wash down the dish ’ ^ -J . 

of dilute sulphuric acid, and again evaporate to white fumes. > 

cool solutions and transfer them to beakers. ^ ^ 

Bring the volume of the zinc solution, no ' has^ 

to 100 ml., and make certain each portion ^ " 

concentrated sulphuric acid. Pass hydrogen 
which must have been heated at SO^’C., • * 

The complete precipitation of the copper is 

solution and the greatly increased tende , 

settle. Filler through a large filter-pap»*»' _ 

wth hydrogen sulpliide and containing w..- 

}>er litre. It is weil to keep both the fuime. 

the filtration, to avoid oxidation and con 

T ••cry exact work it is ad vjVsbIe to 
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lo (libbolvc the o\ide in avid, and to rcprccijiitate H as before. The small 
quantity of zine adsorbed on the copper sulphide will thus be recovered. 

Evaporate the filtrate from the copper until all traces of hydrogen 
sulphide have disappeared and until it has been much reduced in bulk. 
Add a little bromine water to oxidise the iron present, and boil off the 
excess of bromine. Add 10 gnn. of ammonium chloride and make the 
solution alkaline with ammonia to precipitate the iron. Collect the ferric 
hydroxide, dissolve it in hydrochloric acid, precipitate it again with 
ammonia, and add the second filtmte to tlie first. This procedure is 
necessary because the first precipitate of ferric hydroxide nill probably 
contain an appreciable quantity of zinc. 

Determine the zinc in the solution volumctrically with a solution of 
KjFeCjNj.OIIjO containing about -to grm, of tlic crystals per litre, using 
uranium acetate as external indicator (p. 109). The ferrocj'unldc should 
be standardised either against a brass of known zinc content or against 
pure zinc. 

Iron. The iron was precipitated as Fc(OH)j when the zinc was deter- 
mined. This precipitate can either be ignited and weighed ns FCjOj ; 
or dissolved in hydrochloric acid and titmted with titanous cliloridc or 
potassium dichromatc. If tlic brass contains only traces of iron, this metal 
is best determined colorimctricany (p. 237). 

The CotepositioD o! a Typical Brass Is given in Table II., p. 401 . 

Analysis of Bronze 

, Bronze is an alloy consisting chiefly of copper and tin, but zinc, iron, 
lend and other metals may also be present. 

Tin. Dissolve 1 grm. of the alloy In 10 ml. of concentrated nitric acid in 
a covered, porcelain basin. When the action is over, evaporate slowly to 
drjTiess, and bake. As the SnO, will be contaminated with otlicr metals, 
it is well to ignore such contamination at this stage and to make sure, by 
baking well, that all the stannic oxide has been rendered insoluble. Add 
100 ml. of hot UTiter and 10 ml. of nitric ac«l, stir, and lioil. Filter through 
a paper and wash the residue Avilh hoi svntcr. Betain the filtrate and the 
washings. 

‘ Dry the paper and the precipitate carefully, and ignite them in a 2-inch 
diameter nickel crucible until the jwper has been destroyed. A platinum 
crucible must not be used. Add a stick of sodium hydroxide, about 1-5 
Inches in length, and melt it gently over the residue. Finally, raise the 
temperature to dull red heat and maintain this temperature for five 
minutes. Swing the crucible ns it is cooling to cause the liquid to mount 
up the sides, where it will solidify. But the cold crucible, filled with water, 
into a beaker, and warm gently until the crucible appears to be clean. 
Persistent insoluble matter, if any, may be neglected. Transfer all the 
liquid to the beaker and wash out the crucible twice with concentrated 
hydrochloric acid. 

Transfer the liquid to a reduction-flask and reduce the stannic chloride 
with nickel foil or with precipitated antimony (p. 183). The precautions 
against oxidation given before must be stringently obsen’ed, and care 
must be taken to see that the concentration of hydrochloric acid is not 
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allowed to become too low. Titrate the stannous chloride with standard 
iodine solution, or use one of hromate methods (p. 182). 

Copper. Dissolve about 0.5 grm. of the fine turnings in a mixture of 
10 ml. of concentrated sulphuric add, 80 ml. of water, and 5 ml. of 
concentrated nitric acid. When solution is complete, boil gently to 
expel any nitrous acid, but do not boil for a longtime ormetastannicacid 
contaminated with copper will be precipitated. If necessary, remove the 
last traces of nitrous acid by urea. Add ammonia cautiously tmtil there 
is a slight, permanent precipitate. Then acidify with acetic acid. The 
precipitate of tin may not dissolve in the acetic acid. This is of little 
consequence. Make up the solution to a known volume, reduce the copper 
with potassium oxide, and titrate one-fifth with standard sodium tliio- 
sulphate of approximately decinormal concentration. 

The electrolytic method is particularly suitable for this determination. 
The solution of the alloy in a mixture of nitric and sulphuric acids is made 
as is described above. The nitrous acid is carefully removed and the 
solution is electrolysed, using a rotating platinum anode (p. 230). 

Phosphorus. Dissolve about 1 grm. of the fine turnings in a mixture of 
10 ml. of concentrated hydrochloric and 10 ml. of concentrated nitric acid, 
and evaporate just to dryness. Cool, and add about 7 ml. of concentrated 
hydrochloric acid. Heat until the residue has dissolved, and then-dilute 
the solution with cold water. Add a small piece of zinc rod, on which the 
copper and tin will be precipitated, leaving the phosphorus, as phosphoric 
acid', in the solution. Filter, Wash the precipitate dnee with hydrochloric 
acid diluted -with its own volume of r\*ater, using not more than 10 ml. * 
this solution ; and then with hot water \intil the filtrate is free f 
chlorides. * 


Add 2 drops of concentrated nitric acid and 10 ml. of a solt, 
ferric eliloride of reagent concentration (p. 517) to the boiling 
and then add ammonia until the solution is alkaline. The pl.nuth the 
will he precipitated as ferric phosphate. Collect the precip mined in 
wash it. Dissolve it again by pouring about 40 ml. of nitri. aporation. 
volume of acid, three volumes. of water) over the paper. Ai’rtions. If 
ammonia (sp. gr. 0-880) to the solution, and then precipitate th 0 6 grm., 
as ammonium phosphomolybdate (p. 77). Determine the phmeid, using 
weighing this precipitate (p. 78), or volumetrically (p. 13G)[ acid, and 
accurately, as magnesium pyrophosphate (p. 77). ivith 10 ml. 

^ Dilute the 

Minor Constituents of Bronze. The filtrate and washings f, 


will contain most of the lead, zinc, iron and copper present derived, 
The first three of these metals can be determincd..^n tbis^ ■ g of 
described for brass (p. 286). The copper must be remoyecTbefot solution, 
and zinc are determined. The small quantities of lead, zin(iLthe gns. 
retained by the stannic oxide when the tin was removed may be i v of the 
The Composition of a Typical Bronze is given in Table II., p. 49i. Side to 

\ lirated 
Analysis of German Silver V acid 

vierman silver is an alloy of copper, zinc, and nickel, and freqi^^'^S 
contains traces of tin and iron. The sample for analj-sis should be in a P^r. 
state of division, as millings or drUlings. Y’ 
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Tui flTiil Copper. Proceed exactly as is directed under “ Brass ” (p. 285). 
For the copper, dissolve the metal in nitric acid, remove tin, if present, 
by evaporation to dryness and filtration, convert the nitrates to sulphates 
by evaporation of the filtrate with sulphuric acid, and determine the 
copper gravimetrically as cuprous thiocyanate (p. Cl). 

Iron. Dissolve 0.5 grm. of the alloy in nitric acid and convert the 
nitrates to sulphates by treatment with concentrated sulphuric acid. 
Remove the copper and tin ns sulphides, and precipitate the iron mth 
ammonia as described under “ Brass ” {p. 28S). A double precipitation of 
the iron will probably be necessary. 

Nickel. Make the filtrate from the iron just acidic with hydrochloric 
acid, and then just alkaline with ammonia. Precipitate the nickel mtli 
dimethylglyoxime (p. 02). 

Zinc. Acidify the filtrate from the nickel witli hydrocliloric acid, and 
boil it vigorously to expel most of the alcohol and to destroy the excess 
of the dimethylglyoxime reagent. Add ammonia until the liquid is nearly 
neutral, and determine the zinc as described on p. 75. 

Analysis of Cupro-Nickcl Alloys 

These alloys contain copper and nickel in widely varying proportions, 
together with an appreciable quantity of manganese and, say, 0 2 per 
cent, of other elements, of which the most important arc silicon, carbon 
and iron. 

Copper and Nickel. It is convenient to determine these metals by the 
use of salicylaldoxime, C,lI,0,N, with which both tlicsc metals form com* 
plexes, {C^IIeOjNljCU — 18 01 per cent. Cu, and (C,HjOiN),Ni — 17*74 
per cent. Ni. The nickel complex is soluble and the copper compound 
is insoluble in weakly acidic solutions ; the nickel compound is insoluble 
in weakly alkaline solutions. Hence they can be separated. The other 
elements probably present will not interfere, though cobalt ^vould 
precipitated with the nickel. 

To prepare a solution of the reagent, dissolve 1 grm. of salicylaldoxime 
in 6 ml. of alcohol and dilute to 100 ml. with warm water, with agitation. 
Alternatively, prepare the solution from salicjialdchydc and 
hydroxylamine as follows: DissoIve*2-22 grm. of salicylaldehyde in 
8 ml. of ethyl alcohol, and dissolve 1*17 gnn. of hydroxylamine 
hydrochloride in 2 ml. of water. Mix the two solutions and add 15 ml. 
of ethyl alcohol. Stir this solution slowly into 225 ml. of water which 
have Ixjcn heated to 70® C. If a precipitate appears on cooling, allow 
the solution to stand for two hours and then filter it. If properly made, 
this solution >viU contain about 1 grm. of the oxime in 100 ml. 

To carrj’ out the determination, dissolve about 0-12 grm. of the millings 
or fine drillings in the least possible quantity of nitric acid, using a beaker. 
Expel all nitrous fumes by boiling. Make the -solution just alkaline 
with ammonia and dilute it to 20 ml. Add 1'2 grm. of sodium acetate, 
and 10 ml. of glacial acetic acid. Then add, while stirring, 100 ml. of 
the reagent solution to the solution of the alloy, which must l>c cold. 

qClK. ClltM, iSlU IQ 
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Coutiiiue to stir luitilthe precipitate of the copper compound has coagulated 
well, and then collect it in a weighed Gooch or sintered glass crucible. 
Wash, the green compound with cold water until a drop or two of the 
filtrate fails to give a purple colour wth a solution of ferric chloride, and 
dry it at 100“ to 105“ C. 

Add dilute ammonia to the filtrate until the solution is definitely 
alkaline, but not in such quantity that a drop of it will give a red colour 
with a drop of phenolphthalein, when tested on a white tile. During 
this operation the solution must be stirred. When the nickel compound 
has coagulated, collect, wash, and dry it in the same way as the copper 
precipitate was treated. 

Minor Constituents. For manganese, silicon and carbon use the methods 
described under steel (pp. 309, 811 and 804, respectively). For manganese, 
a sample weighing 2 grm. may prove suitable, but, as the percentages of 
silicon and carbon are probably very small, much larger quantities of alloy 
must be taken for their determination. 

To determine the iron, dissolve 6 grm. of the alloy In nitric acid. Dilute 
the solution, add ammonium chloride to it, and precipitate the iron wth 
ammonia. Dissolve the ferric hydroxide in hydrochloric acid and again 
precipitate the iron, this time by the basic acetate process (p. 800). Weigh 
it either as ferric oxide, or determine it by the colorimetric method (p. 287). 

An Analysis of a CuprO'Ifickel Alloy is given in Table ID, p. 491.^ 

Analysis of White Metals 

Alloys containing large percentages of lead or tin ore generally 
referred to as “ wliite metals.” This group contains a veiy large number 
of alloys, such, for example, as plumber’s solder (often 3 parts of lead and 
2 of tin, with some antimony), pewter (4 parts of tin and 1 of lead, some- 
times with antimony), type-metal (approximately 7 lead, 3 antimony, 

1 tin, sometimes with copper), the various tin-base and lead-base bearing 
metals, and the fusible alloys. Some of these alloys contain a considerable 
number of elements and the analj^ls is difficult and complicated. The 
analysis of metal containing only tin, lead, antimony and copper is 
discussed here. For further information, consult Scott’s Standard Methods 
of Chemical Analysis, Vol. II. 

Antimony. Take 2 grm. of alloy or that weight of alloy which is judged 
to contain 0 1 grm. of antimony, whichever is the smaller, in a conical 
flask. The metal must be In the form of thin foil or be other^vise in a 
state of fine division. Add 20 ml. of concentrated sulphuric acid and 
5 g:rm. of potassium bisulphate to raise the boiling-point of the liquid, 
and heat vigorously until the sample has disintegrated. Allow the acid 
to fume strongly for five minutes. After the flask has cooled, add 10 ml. 
of water very cautiously, and 5 ml. of concentrated hydrochloric acid. 
Boll the solution gently for five minutes. The antimony should nOAT all 
be in solution In the trivalent state, and the tin exclusively in the stannic 
form. Dilute to 150 ml. with water, cool to 10" C., and titrate ■with 
approximately 0 05 N. potassium permanganate until the pink tint is 
permanent for twenty seconds. Standardise the permanganate against 
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portions of 0-1 grm. of pure antimony which have been treated in the same 
way as the alloy. 

Note. I-**- • 

tltira of cc • ■ * . • ; . ■ ■ \ 

with SO, • 

cool to 10' I ■ ' ■ 

Tin. Take that weight of the alloy which contains about 0.15 gnu. of 
tin, but do not use more than 3 gnn. of the sample. Use the solution 
from the antimony, or, better, dissolve a fresh portion in 20 ml. of con- 
centrated hydrochloric acid, to which it may be necessaiy from time to 
time to add bromine. All tiie metal must be disintegrated. If the solution 
is boiled, some of the volatile stannic chloride may be lost. If a 
considerable excess of bromine remains after the action is over, reduce the 
amount by the careful addition of sulphurous acid. As the acid must on 
no account be added in excess, enough bromine to give a definite straw 
tint to the solution must be left. 

The tin must now be reduced and titrated with iodine (p. 105). Transfer 
tiie solution, however it has been prepared, to the reduction-flask, adjust 
tlie concentration of hydrochloric acid, and reduce with nickel foil or 
precipitated antimony, observing all the precautions against oxidation 
advised on p. 183. Titrate with approximately 0 1 N. iodine, which is 
best standardised by weighing out quantities of the metals similar to 
those taken in the alloy, but witho^ melting them together, and treating 
them exactly as tlie alloy has been treated. 

Copper, if present In considerable quantity, interferes with this deter- 
mination, but only if the iodine is added rapidly. Consequently, add the 
iodine drop by drop to the solution, which should be in rapid movement 
to avoid a high local excess of iodine. If the end point Is poor, reduce the 
tin and titrate it again, 

Lead. First Method, to be used when copper also is to be determined. 
Dissolve 1 grm.of thefinely-diridcd alloy in 100 ml. of a mixture consisting 
of five volumes of water, four of concentrated hydrochloric acid and one 
of concentrated nitric acid, to which 2 grm. of potassium chloride have 
been added. Use a covered beaker. When nil the metal has dissolved, 
remove the cover, cs-aporatc to about 50 ml., add 5 ml. of concentrated 
hydrochloric ncid, and cool in iced water. Stir the solution tlioroughly 
ns it is cooling. Wien the bulk of the lead chloride has separated out, 
collect it in a filter-paper, and wash it rapidly with ice-cold, dilute 
hydrochloric ncid. Dissolve the lead chloride, collecting the solution in an 
c\’aporating-<lisli, by crashing the paper once or twice with boiling water 
and Anally with a hot .solution of ammonium acetate to which some nccllc 

ncid has Iw'fp pfWfl mi,:® 

wil *' ..... ■ • 1 . : ■ ■ ■ , ■ » 

tlic „.au lioiu luc Ollier iiieiius, dilute the solution to nbout 300 ml., ndd 
2 grm. of tartnric ncid os concentrated, dear solution, and make alkaline 
with so<lium hydroxide. Add a further 2 grm. of sodium hydroxide. 
Pass n rapid strc.im of 11,8 until all the copper and lead have been 
prccipilatctl as sulphides, ami then heat the contents of the beaker on a 
hotphte f«)r one hour. Filler thmitgh pajK-r, and w.ivh the precipitate 

lo-t 



292 


APPLIED QUANTITATIVE ANALYSIS 


with a clear 2 per cent; solution of sodium sulphide. Reject the fllttote 
and washings. Tlie precipitate* should contain no trace of tin and antimony, 
which should have remained in solution as thio*salts. Sfake a hole in the 
paper and wash the bulk of the precipitate into an evaporating-dish. 
Pour a few millilitres of nitric acid, followed by hot water and bromine 
water, along the top edge of the paper. ‘ Continue to wash with small 
volumes of hot water and bromine water in succession, until all the sulphides 
have been dissolved. 

Add 15 ml. of concentrated sulphuric acid to the contents of the dish 
and evaporate the dense white fumes to expel all nitric acid. If necessarj’, 
cool, wash down the sides of the dish with a few millilitres of dilute 
sulphuric acid, and repeat the evaporation. Dilute the cooled solution 
with 100 ml. of water, heat it to boiling, and filter through paper, wasliing 
with cold, dilute sulphuric acid. Set aside the filtrate for the determination 
of copper. Dissolve the lead sulphate from the paper in hot ammonium 
acetate which has been acidified with acetic acid, and collect the solution 
in the evaporating-dish which already contains the bulk of the lead. 
Determine the lead in this solution gravimetricnlly as lead sulphate (p. 74) 
after the expulsion of the acetic acid; or gTa%'imetrically (p. 74) or 
volumetrically (pp. 154 or 155) as chromate. If a chromate process is 
chosen, it is not necessary to expel the acetic acid, but it may be desirable 
to use only a portion of the solution. About 0-3 grm. and 0'15 grm. of 
lead are suitable for determination by the gravimetric and volumetric 
methods, respectively. 

Second Melhod. For the determination of lead, when copper is not 
required. For the gravimetric metliod take that weight of tlie finely- 
divided alloy which contains about 0 3 grm. of lead ; for the volumetric 
process take portions containing 0*15 grm., or one portion containing 
about 0-75 grm. In the last case, make up the final solution to 250 ml., 
and take 50 ml. for each titration. In any event, do not take more tlmn 
2 grm. of metal. 

Heat the alloy in a beaker with 20 ml. of concentrated sulphuric acid 
until it has completely disintegrated, and imtil the lead sulphate is pure 
white in colour. Cool, but not below 60** C., and carefully add 60 ml. of 
water to the moving solution. Boil for five minutes, and then allow the 
lead sulphate to settle out from the hot liquid. AVIien the solution has 
cleared, decant it through on unweiglicd Gooch crucible. Remove more 
of the tin and antimony from the lead sulphate by adding 10 ml. of 
concentrated sulphuric acid to the precipitate in the beaker, and by 
boiling for five minutes. Cool again, but not below GO® C., add 30 ml. of 
water to the moving solution, boil for a further five minutes, allow the lead 
sulphate to settle out as before, and again decant the liquid through the 
crucible. Wash the lead sulphate in the beaker twice with small volumes 
of dilute sulphuric acid. Extract the solids in the Gocli crucible and those 
in the beaker with a hot solution containing ammonium acetate and 
acetic acid. Unite the two solutions, filter if necessary, and determine 
the lead by a chromate process (sec above under Firsl MeOiod). 

CJopper, The filtrate from the determination of lead by the first method 
should contain only copper sulphate in dilute sulphuric acid. Tlie copper 
may be determined by any of the standard methods for that metal. 
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Anal>‘sis of Bauxite 

Bauxite consists of the oxides of aluminium, ferric iron and titanium, 
togctlier >vilh silica, small quantities of manganese, moisture, organic 
matter, etc. 

Moisture. About 1 grm. of the sample, powdered to pass a 100-mcsh 
sieve, is necurately weighed into a crucible, dried at 103° C. to obtain the 
Itygroscopic moisture, and then heated slowly in a covered platinum’ 
crucible to a full red beat (at least 1000° C.). The cover is removed and 
the crucible is heated to a high temperature in a blast lamp. The loss in 
weight represents combined ■water and organic matter. 

Silica. Fuse a mixture of about 1 grm. of the finely-powdered sample 
with 0 grm. of anhjxlrous sorlium carbonate and 4 grm. of anhydrous 
potassium carbonate in a platinum crucible at a full red heat for at least 
thirty minutes. 

Extract the melt with dilute hydrochloric ncid, evapomte to drj’ncss, 
bake at 110° C., extract with IlCI, and collect and wash the silica, which 
at this stage will be verj' impure. Either ignite it and weigh it in a 
platinum cniciblc and find its weight by removing’it with sulphuric and 
’ • sidiic with KIISO,, extracting with hot, 

the solution to the filtrate) ; or fuse the 

. , the latter case treat the melt with dilute 

sulphuric acid and, without removing any solid residue, evaporate the 
solution until dense white fumes appear. Cool. Dilute the solution, and 
again collect and weigh the silica, adding the washings to the first filtrate. 

Make up the filtrate from the silica to a known volume, say 230 ml. 

Iron is best dctcnnioe<I by re<luction with stannous chloride and 
titration with potassium dichromalc. Take onc-flfth of tlic solution and 
use standard solutions of approximately 0 025 X. concentration. 

Titanium. The colorimetric method is rccommendctl (p. 21-t), but it 
must be remembered that the colour of iron in solution interferes. Therefore 
either the concentration of iron in the titanium standard must be brought 
to the same os that in the solution under cx.aminnlion ; or the iron colour 
must be blcaclictl by the addition of phosphoric ncid, wliich, in turn, 
will to some extent hleach the titanium colour. The latter method Is 
describe*! Iwlow. 

The Separation o! Iron from titanium may be cITectcd In tlie presence of an 
nlkaUne .m _ • — - 

tolutlor 
IKiss in 
stage ( 

remaia* ■ • 


Take a suitable \-olume, say 23 ml., of the filtrate from the silica in a 
colorimeter nr Xcsslcr tuW, and alroul 23 ml. of water in n second lulx*. 
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Bting the &uiphurie acid content of both tubes to 5 to 10 per cent, by 
volume. Run syrupy phosphoric add 0*5 ml- at a time, but not more 
than 3 ml. in all, into the solution for analysis until it is substantially 
colourless, stirring after each addition of the acid. Slake the phosphoric 
acid content of both tubes the same, and add S ml. of ten:^olume hydrogen 
peroxide to each. Add a standard solution containing about 0 001 grm. 
of titanium per millilitre to the standard tube imtil the colours are nearly 
the same. Make the volumes of both solutions equal, and complete the 
titration. Traces of fluoride in either solution xvill so Interfere with the 
result that it will be worthless. 

The titanium can also be determined by reducing it with zinc in a 
Jones reductor (p. 148). The reduced solution is collected in a known 
volume of a standard solution of ferric alum, and the quantity of iron 
not reduced by the titanium h titrated with a standard solution of titanous 
chloride in an atmosphere of carbon dioxide, using ammonium thiocyanate 
as indicator. As the quantity of titanium to be determined will probably 
be small, the standard solutions used roust be comparately dilute. 

Aluminium. Three methods are available : 

(a) An aliquot portion of the solution is diluted fomr times and the 
FcjOj 4- TiOj 4- precipitated with ammonia. This mixed 

precipitate is ignited and weighed. Since the iron and titanium 
percentages are known, tiro percentage of alumina can he calculated. 
If phosphorus is present, it must be determined separately (see p. 288), 
and a correction made for it. Thb is a poor method, since all the errors 
are thrown on the alumina result. 

(&) The alumina is determined by difference. This is even less 
satisfactory. 

(c) Tlie iron and titanium are separated from the aluminium by using 
cupferron (CeHjN’NO-ONHj). This rea^nt forms insoluble compounds 
with iron, titanium, vanadium and tin, and enables these elements to be 
separated from aluminium, nickel, manganese, phosphorus, etc. 

Take an aliquot portion of the solution and dilute to 200 ml. Add 
enough sulphuric acid to raise the acid content to 10 per cent., and cool 
the solution in ice. Precipitate the Iron and titanium 'uith cupferron 
by adding a fresh, cold, 6 per cent, solution of that compound to the 
cold solution, which is being vigorously stirred. IVhen no further 
permanent precipitation takes place, add as an excess one-fifth of the 
volume of the cupferron reagent already added. Allow the precipitate 
to stand for ten minutes in the cold, and then filter through a small 
Buchner funnel. IVash Svith a 10 per cent, solution of sulphuric acid 
containing 0-2 grm. of cupferron in 100 ml. Reject the precipitate. 

Evaporate the filtrate to about 50 ml. Add 20 ml. of concentrated nitric 
acid and continue the evaporation until white fumes of sulphuric acid 
appear, to oxidise the cupferron. Cool, dilute, and repeat the evaporation 
with on additional 20 ml. of the nitric acid. Cool and dilute the solution 
of the aluminium. Precipitate the hydroxide by adding ammonia in the 
presence of ammonium chloride. Ignite and weigh the alumina. 

Any phosphorus present in the ore will be here precipitated as 
aluminium phosphate. A suitable correction must therefore be made 
[see (a) above], but, as the alumiiuuna plwsphate will contain only alumina, 
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the precipitate may he fused with pyrosulphate, the melt extracted with 
sulphuric acid and the phosphate determined as phosphomolybdate without - 
further purification. 

Calcium, Manganese and Magnesium are determined in the filtrate 
from the aluminium (c) above, or in a solution from which the iron, 
titanium and aluminium have been removed by the basic acetate separation 
(p. 300). If manganese is present, it can be precipitated by bromine in 
ammoniacal solution. The calcium is determined as oxalate (p. 70), 
and the magnesium as pyrophosphate (p. 76). See also p. 290. 

Analysis of Commercial Aluminium 

The virgin commercial metal may contain the following impurities : 
carbon, silicon, manganese, sulphur, phosphorus, iron, copper, titanium, 
and sodium. These impurities are determined as is described below, and 
the methods given also apply to certain of these elements in aluminium 
alloys (see, however, pp. 297 to 209). The sample for analysis must be in 
the form of filings, turnings, or borings. 

Carbon. The total carbon is determined in 2 grm. of coarse borings of 
the metal by dissolving away the aluminium and iron in 200 ml. of a solution 
containing 300 grm. of copper potassium chloride, CuC]|.2KCl,8HjO, per 
litre. 

The contents of the beaker should be acidified with 10 ml. of 
concentrated hydrochloric acid and should be heated, but not above 
50^ C. A little Ignited asbestos should be added to make the collection 
of the carbon easier. The carbon is ignited in oxygen as is described on 
p. 800. The chromic acid wash-bottle must be present in the train, and a 
tube containing pumice impregnated with anhydrous copper sulphate 
(p. 88) should also be in position to extract any hydrochloric acid 
which may have been introduced. 

Silicon. Weigh out 1 grm. of the millings or turnings into a 400-ml. 
beaker and dissolve the metal in 35 ml. of an acid solution containing 
5 parts of water, 2 parts of concentrated sulphuric acid, 1 part of 
concentrated nitric acid, and 1 part of concentrated hydrochloric acid 
by volume. Wien the metal has dissolved, rinse down the cover and 
evaporate to dense white fumes. Continue the fuming for fifteen minutes. 
Collect the silica from this residue and svash it as is described on p. 297. 
Then ignite the precipitate at about DOO® C. for one hour. 


fusion mixture. 

Manganese and Phosphorus arc determined in S grm. of the metal by 
the bismuthatc method and the phosphomolybdate method, respectively, 
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as described for steel (pp. 811 and 310). Dissolve the aluminium initially in 
50 per cent, sulphuric acid, or in aqua regia, respectively. 

Sulphur is determined by dissolving 5 grm. of the metal in aqua regia, 
precipitating the resulting HjSOj as BaSOi, and weighing the sulphur in 
this form (p. 65). 

Iron is determined in the filtrate from the determination of silicon by the 
acid process, either by titration with standard permanganate after 
reduction with zinc, or by titanous chloride without reduction, or 
electrometrically (p. 216). The standard solutions used should be 
approximately O-IOS normal. For the determination of iron in the presence 
of titanium, see under “ Titanium ” (below). 

Copper is determined in a 5-grm. sample, either electrol 5 fticaIIy or 
by ’the iodide method. In the former case, dissolve the aluminium in 
100 ml. of 50 per cent, sulphuric acid. Wlien action has ceased, add 
25 ml. of concentrated nitric acid, boil to expel oxides of nitrogen, filter 
into a beaker of suitable shape, and electrolyse (p. 230). For the iodide 
method, dissolve in 50 ml.- of the sulphuric acid as above, add 5 ml. of 
nitric acid and evaporate to dense white fumes. Extract the residue 
with water, filter, and precipitate the copper in the filtrate with HjS. 
Dissolve the copper sulphide in nitric acid, oxidise with hroraine, and 
boil until the excess of this reagent has been expelled. Neutralise with 
sodium carbonate and acetic acid, and proceed as directed on p. 288. 

Titanium, if present, hill be collected in port with silica after dissolution 
of the metal in the acid mixture and fuming. After the silica 
precipitate has been ignited, treat it with hydrofluoric and sulphuric 
acids. Fuse the residue with a smalt quantity of potassium bisulphate, 
dissolve the melt in dilute sulphuric acid, and add this solution to the 
filtrate from the silica. Evaporate the whole’to 100 ml., add 5 ml. of 
concentrated sulphuric acid and 3 grm. of iron-free zinc, and heat until 
the zinc is nearly dissolved. Filter, and determine the titanium in the 
solution colorimetrically (p. 244). The iron in the same solution is reduced 
a second time with zinc, and titrated with standard permanganate to 
obtain the iron plus the titanium. 

Sodium. This determination is diflicult ; the aluminium is lieated at 000® C., 
and the sodium liberated is dissolved in water, and the alkaline solution titrafeo 
with acid. 


Alloy 

A1 

Cu 

Mg 

Ni 

Zn 

Aluminium bronze 

5-10 

95-90 


1 


Alloy for castings . 

Alloy for light scientific 

86-M 

14-11 

. — 

— 


instruments 

75-80 

_ 

25-20 

— 

' — 

AUoy for casUnga . 

82-86 

4-2 

— 

— 


Special strength alloys . 

91 

4 

1-5 


— 

Silicon alloy 

86-90 


— 
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Analysis of Aluminium Alloys 

The percentage compositions of some typical aluminium alloys are 
sununarised in the Table. They may also contain in addition small 
quantities of manganese, silicon, iron, and titanium. It is important, 
therefore, that the quantitative analysis be preceded by a qualitative 
examination of the alloy, and that the analytical scheme described below 
be modified to suit the particular case. 

Silicon. The metal should be in the form of millings or very fine turnings. 
If the alloy has been made from aluminium of high purity, take 5 grm. ; 
if it is an aluminium-silicon alloy, take 0*25 grm. ; otherwise take 2 grm. 
Digest the portion with 30 ml. of a 10 percent, solution of sodium hydroxide 
which has been freshly prepared. Use a covered, 200-ml., nickel crucible. 
"When nearly all the aluminium has dissolved, wash down the sides of the 
crucible with a little hot water, replace the lid, and boil for ten minutes. 
Then dilute to about 50 ml. and boil until the residue is either in solution 
or in suspension. 

Put 35 ml. of concentrated sulphuric acid and 35 ml. of water into 
a 400-ml. beaker, and stir the contents of the crucible into this solution. 
Wash out the crucible with a small volume of 50 per cent, sulphuric 
acid and then with water, and transfer all solid particles to the beaker, 
using a rubber-tipped glass rod. Evaporate the contents of the beaker 
on a hotplate until obvious white fumes appear, and continue the heating 
for fifteen minutes. Care must be taken to avoid loss by spirting. When 
the liquid is cold, dilute it to 200 ml. svith liot water, break up the solid 
residue with a rubber-tipped glass rod, and then boil the solution gently 
until nil soluble salts have dissolved (perhaps fifteen minutes). Collect 
the silica on filter-paper, using hot water to %Tash out the beaker, and then 
^vash it three times with hot hydrochloric acid which has been diluted 
with three times its own volume of water. Finally, wash with hot water 
until the washings are free from chlorides. Dry tlie precipitate, and ignite 
it in a weighed platinum crucible at a high temperature, preferably using 
a muflle furnace. Determine the silica from the loss in weight of the 
precipitate after treatment with hydrofluoric and sulphuric acids (p. 100). 

For another method, see p. 295. ~~ 

Noft 1. If the silicon content of the alloy is high and the treatment irith 



even 11 iiigiii} liccur.ue tesuiis are nut required. 
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Iron. Dissolve 2 grm. of the alloy in 60 ml. of mixed acid solution 
(p. 295). ' Remove the silica by fuming and filtering, and determine the 
iron by one of the methods suggested for ** Iron in Aluminium,” p. 298 ; 
or determine the iron in a fresh sample potentiometrically (p. 21C). 

Copper. Dissolve 2 grm. of the fine drillings in 40 ml. of a 25 per cent, 
solution of sodium hydroxide in a beaker. ^Vhen all action has ceased, 
dilute to 100 ml. with hot, air-free water. Filter, and wash witli hot water. 
Dissolve the residue in 1 : 1 HNOj to which a few drops of concentrated 
HjSO* have been added, and heat to remove oxides of nitrogen. After the 
Ph has been suitably adjusted, determine the copper in this solution 
electrolytically or by the iodide method ; or the alloy may be dissolved in 
acid and the copper determined as describetl on p. 296. 

Kickel is best determined in a fresh sample, though the solution from 
which the copper has been removed by electrolysis or the solution in 
which the iron has been determined can .be used. These solutions are 
evaporated down to about 50 ml., 3 grm. of tartaric acid or such greater' 
quantity as may be required to prevent the precipitation of the iron 
and the aluminium are added, and the solution is made just alkaline 
with ammonia. The ruckel is. then precipitated with dimethyglyoxime 
(p. 62). If a fresh sample Is used, take 2 grm. of the drillings, dissoh'c 
them in mixed acid (p. 295), remove the silica by. fuming and filtering, and 
determine the nickel by the method indicated above. 

Magnesiom. Dissolve a suitable quantity of the alloy in 25 per cent, 
sodium hydroxide and collect and ^vash the residue, which will contain 
the magnesium, os is directed above under " Copper.” Dissolve the 
residue in 10 ml, of hot, 50 per cent, hydrochloric acid, %rith the addition 
of a few drops of nitric acid if necessary. Dilute this solution to 100 ml., 
make it slightly alkaline with ammonia, and saturate it vrith HjS. Allow 
it to stand for two hours in a warm place (40® C.), and then filter it, and 
wash the precipitate with ^vate^ saturated wth HjS and containing 20 grm. 
of ammonium chloride and 20 ml.^of dilute ammonia per litre. Acidify 
the filtrate with hydrochloric acid and* remove all the HjS by boiling. 
Then add 1 grm. of tartaric acid and determine the magnesium as 
magnesium pyrophosphate (p. 76). 

Zinc. Take 1 grm. of the alloy if it is rich in zinc, or a proportionate 
quantityj and dissolve it in sodium Jiydroxide solution to which a little 
sodium carbonate has been added. After diluting, add a small quantity 
of alcohol to precipitate any colloidal ferric hydroxide. Filter and wash 
with hot, dilute sodium hydroxide solution. The filtrate iWII contain most 
of the zinc and the aluminium, but the rraidue will also probably contain 
some zinc. Therefore dissolve it in a small volume of hydrochloric acid 
to which a small crystal of potassium chlorate has been added, and boil 
to expel chlorine. Add sodium hydroxide until the h'quid is strongly 
alkaline, filter, and add the filtrate to the main solution. To this, add 
20 ml. of n 20 per cent, solution of sodium sulphide. Stir well, boll, and 
filter. Dissolve the zinc sulphide in hot, dilute hydrochloric acid, expel 
all H|S by boiling, and then determine the zinc volumetrically by the 
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ferrocyanide method, using uranium acetate ns external indicator (p. 109). 

Alternatively, make the solution of zinc, after the removal of H,S, 
nearly neutral. Add 10 grm. of ammonium chloride and 3 ml. of 
concentrated hydrochloric acid, and dilute to 200 ml. Heat to 00 ®C., 
add 1 ml. of a solution containing 3 grm. of ferrous sulphate crystals per 
litre as indicator, and titrate with potassium ferrocj’anidc solution 
containing in addition 0-3 grm. of potassium fcrricj*anide per litre. At 
the end-point the colour of the solution changes abruptly from blue 
to green, but the addition of sewra! more drops of the ferrocj’anide reagent 
will change it to a cream colour. 

Tlie determination of zinc in aluminium alloys is not easy. It is therefore 
essential to nm a blank in parallel with the assay. The blank can be 
cither an aluminium alloy of known composition ; or it can be made by 
weighing out suitable quantities of metallic aluminium and zinc (without 
melting them together), or by taking the appropriate salts. 

Analysis of Iron Ores 

Iron commonly occurs as the oxides in the form of red and broivn 
ha;matitc and magnetite ; as ferrous carbonate (spathic iron ore) ; and os 
clay ironstone, a mixture of carbonate and oxide wth clay. Iron ores 
may contain tlie following constituents : moisture, carbon dioxide, silica. 
Iron, titanium, aluminium, manganese, calcium, magnesium, phosphorus, 
and sulphur. Some ores also contain organic matter. 

The analysis of titaniferous iron ores Is described on p. 802, and the 
CN’aluation of chrome Iron ore on p. 258. 

Molsttirc. Since carbon dioxide and organic matter arc usually present 
in the ore, the water must be determined by heating 2 grm. of the ore to 
dull retlncss, and absorbing the steam which is evolved in a weighed 
calcium chloride lube (p. 02). 

Carbon Dioxido is determined by absorption (p. 85), using 2 grm. of 
the ore. 

' Silica. Weigh accurately from 5 to 10 grm. of the finely-powdered ore. 
Ilcat tlie ore gently with conccntratetl hydrochloric acid, odd a little 
nitric acid, and continue the heating until it is judged that nil soluble 
matter has been dissolved. EsTiporatc to dryness on a walcr-batli, and 
heat the residue at 110® C. in an air-bath. Make sure that all the nitric 
acid has l>ccii removed. 

Treat the dry rcsi«Iuc with conccntnilc<l hydrochloric acid. Then dilute 
tlic solution and heat it. Decant off the clear liquid through a filler. 
T^c.^t the residue ngnin with a small quantity of hydrochloric acid, heat, 
anil filter the solution through the same filler into the same filtrate. 
G)nt inuc this treatment ns long os any* iron can be found by the fcmxyanide 
test In a <lrop of the add Inst us«l. Wash on<l ignite the residue, and 
weigh it ns silica and ganpte. If nccc\s.aiy, the silica and ganguc can be 
further cxnminetl by the methods deM*ril>c»l on p. 209. Transfer the 
flUrates and washings to n 500-ml. fLxsk, and dilute to 500 ml. This 
solution Is usctl for the following determinations. 
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Aluminium. Add a ten-fold excess of disodium hydrogen phosphate 
to 50 or 100 ml. of the original solution, and dilute to 300 ml. Add 2 drops 
of methyl orange, and neutralise the Elution with ammonium hydroxide. 
Add 10 ml. of dilute hydrochloric acid, 10 grm. of sodium thiosulphate 
crystals in solution, and 6 grm. of s<^iim acetate. The iron will he 
reduced and the hulk of the ferrous phosphate will not he precipitated. 
Boil until all traces of SOj have been removed. Collect the precipitate of 
AIPO 4 and wash it with a hot, 6 per cent, solution of ammonium nitrate. 
As this precipitate* will probably contain iron phosphate, dissolve it in 
hot, dilute hydrochloric acid, and reprecipitate it as before, but using only 
2 ml. of dilute HCl and 3 grm. of sodium thiosulphate, NajSjOs.SH^O. 
Ignite the precipitate, ;ind weigh it as AlPO,. 

Iron. Reduce the iron in 50 ml. of the original solution ■with stannous 
chloride, and titrate it with approximately decinormal potassium 
dichromate solution to obtain the total iron present. To determine the 
ferrous iron in the ore, digest a suitable weight of the sample with 
hydrochloric acid, using either the apparatus shown in Fig. 79, or that 
shown in Fig. 80 (p. 142), and titrate the solution at once with standard 
potassium dichromate. 


Manganese. Dissolve 1 grm. of the finely-powdered sample in con- 
centrated hydrochloric acid. Add a little hydrofluoric acid to aid the 
decomposition of the silicates, together with 10 ml. of concentrated 
sulphuric acid. Evaporate to dense white fumes and repeat the fuming, if 
necessary, to remove completely all traces of chlorine. Determine the 
manganese by the bismuthate method (p. 267), using standard potassium 
permanganate of approximately decinormal concentration. 


Calcium and Magnesium. A suitable quantity of the original solution 
is taken, and, if the manganese is present in small quantity, the iron and 
aluminium are removed by the basic acetate method, and the manganese 
by bromine water and ammonia. If the percentage of manganese is higli, 
it is removed with ammonium sulphide (p. 278). The calcium is determined 
as oxalate (pp. 70 and 158) and the magnesium as pyrophosphate (p. 70). 

The basic acetate process, which depends on the fact that ferric, 
aluminium, or titanium acetate is hydrolysed in hot aqueous solutions 
to give a basic, insoluble salt, can be used to separate the above metals from 
nickel, cobalt, zinc and manganese, and from the alkali and alkaline earth 
metals : 


Fe(C,H30,)a + 2IIjO = Fe(OH)j.CgH50j -f 
Add dilute ammonia to the solution, which must be free from silica, 
imtil its colour is noticeably red, but no precipitate has formed. Then 
add a concentrated solution of ammonium carbonate, slowly at first and 
drop by drop at the end, until the precipitate produced dissolves veO’ 
slowly. The solution, which -will become very dark, must be stirred. If 
the end-point is overshot, the solution may sometimes brought to the 
tight degree of acidity by adding a drop or two or hydrochloric acid, hut 
more often it is better to adcia considerable quantity of acid and to repeat 
the treatment with ammonia and ammoniiun carbonate. 

Dilute the solution to 400 ml. with boiling ^vater, and heat it to boiling- 
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A slight precipitate should form, but not before the temperature is higher 
than 70® C. Run in a boiling solution, some 25 ml. in volume, of sodium 
acetate. Use 3 grm. of the acetate, or 1 grm. for every decigram of iron 
and aluminium thought to be present, -whichever quantity is the larger. 
Boil the solution for two minutes, not longer, after the acetate has been 
added. 

Filter the hot solution at once through a large, coarse filter-paper held 
in a large funnel. Wash the precipitate twice with hot water containing 
10 grm. of sodium acetate per litre, and allow it to drain thoroughly. 
Accelerated filtration should not be used, although it is an advantage to 
surround the funnel with a hot-water jacket (p. 54). The filtrate should 
be clear and colourless. As the precipitate %W11 have retained some other 
metals, particularly manganese, it must be dissolved in hydrochloric acid 
and reprecipitated as above, the two filtrates being mixed. As the original 
basic-acetate precipitate will be contaminated with only a small quantity 
of manganese, it is not necessary to dissolve the whole of the iron and 
aluminium cleanly from the filter-paper for the rcprecipitation, because 
the traces of manganese left in a small quantity of this precipitate will be 
negligible. 

✓ 

Phosphate. If arsenic has been found in titc qualitative analysis, it 
must be removed by means of hydrogen sulphide before the phosphate Is 
precipitated. , 

Digest 2 grm. of the ore with concentrated hydrochloric acid. If arsenic 
is present, remove it from the diluted solution, and then evaporate the 
filtrate to dryness. If arsenic is absent, evaporate directly to dryness. 

Extract the residue with 25 ml. of water and 25 ml. of concentrated 
nitric acid, and add reagent potassium permanganate drop by drop until 
there is a permanent precipitate of manganese oxide. This completely 
removes any organic matter ^vbich may be present. 

Clear the solution by adding a few drops of sulphurous acid, boil off 
the nitrous fumes, filter, and precipitate the phosphorus as ammonium 
phosphomolybdate. Determine the phosphorus in this precipitate either 
gravimetrically or volumetrically {pp. 78 and 202), or, for more accurate 
work, dissolve the phosphomolybdate In ammonia, and determine the 
phosphorus as magnesium pyrophosphate (p. 77). 

For the determination of phosphorus in the presence of titanium, see 
p. 803. 

Sulphur, Evaporate 50 ml. of the original solution nearly to dr>'ness, so as 
to expel almost all the free arid. Precipitate the sulphate from the diluted 
solution with a little barium chloride solution. Allow the liquid to stand for 
several hours. Collect, ignite and weigh the BaSO|. 

Copper, Arsenic and Antimony, During the evaporation of the acid solution 
Mme of the arsenic -wifi Iiave -volaUlIsed. Therefore^ a fresh portion of the ore 


' ' ' ' • . • ■ . ■ • d sulphides 

The Composition ol an Iron Ore is given in Tabic III., p. 401. 
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Analysis of Titaniferous Iron Ores 

Silica. AVhen silica is determined in the usual way in ores containing 
titanium, a portion of the titanium is precipitated with the silica and 
the rest of the titanium remains in solution. In order to avoid this 
complication the ore should be decomposed by fusion with potassium 
bisulphate, but in this case a small quantity of silica will go into solution 
as potassium silicate when the mass is extracted with acid. The treatment 
of the ore for the determination of silica is therefore somewhat prolonged. 

Reduce the ore to as fine a powder as possible in an agate mortar, and 
weigh accurately about 0-5 grm, of this powder into a large platinum 
crucible. Add 10 grm. of pure ICHSO^, cover the crucible carefully, and 
heat it over a small flame until the bisulphate is melted. The mass must 
be kept liquid and slight white fumes should be given off ; the requisite 
temperature may be attained by maintaining the bottom of the crucible 
at a dull red heat. Take great care to regulate the heat in such a way ns 
to prevent the melted bisulphate from frothing over the edge of the crucible. 
As soon as the ore is completely decomposed, remove the flame, take 
off the lid of the crucible and incline the crucible at an angle of about 45® 
so as to cause the fused mass to flow to one side of the vessel and to reach 
nearly to its edge. 

"When the crucible is cold, place it, together with the lid, in a basin, 
and treat the solid with concentrated sulphuric acid diluted with its 
own volume of water. Use about 30 ml, of the diluted acid, and note 
that if the acid concentration falls too low, the titanium sulphate will be 
hydrolysed. The melt may dissolve completely when the dish is heated. 
In this case, remove tlie crucible and lid, crashing them down with hot 
water, ani evaporate the solution to dense white fumes to dehydrate tiie 
silica. If there is a solid residue, decant as much as Jjossible of the solution 
into a second basin. Add a few miUilitres of water to the residue, and 
filter, collecting the solid on a filter-paper. "Wash once ^rith a little water, 

_ and collect the filtrate in the second basin. Dry and ignite the paper and 
residue, and fuse it with a little sodium carbonate as in the normal 
determination of silica in an insoluble silicate (p. 276). Extract with 
dilute hydrochloric acid, and transfer the solution .and any residual solid 
to the second basin. Evaporate to dense white fumes. Cool, Dilute 
somewhat, and determine the silica by the ordinary method. The silicious 
residue must be fumed with hydrofluoric-sulplimic acid mixture, and the 
silica found by difference. Fuse any residue in the crucible ■nitli potassium 
bisulphate, extract with 1 : 1 sulphuric acid, and add the solution to tlie 
filtrate from the silica. 

Iron. Dilute the filtrate from the silica to 200 ml., and saturate it wth 
HjS. Filter, and collect the filtrate in a flask fitted with two glass tubes, 
as in a wash-bottle. Pass IIjS through the tube which reaches to the bottom 
of the flask, until the liquid is again saturated with this gas. All the iron 
will now be reduced. Remove the HjS by boiling the solution and by 
passing a current of COj through the flask. As soon as the issuing gases 
fail to turn lead acetate paper black, cool the flask, and titrate the iron, 
-without giN-ing it any opportunity to oxidise in the air, >vith standard 
potassium permanganate. 
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Titanium. Fuse 0.5 grm. of the very finely-powdered ore with potassium 
bisulphate, and extract the melt with 1 ; 1 sulphuric acid. Heat until 
as much as possible of the solid is in solution. Then dilute to 250 ml., 
and pass the liquid and any suspended solid through a .Tones reductor 
(p. 148), collecting the liquid in an excess of a solution of ferric sulphate. 
Titrate at once with titanous chloride (p. 189). 


method for titanium. 

In this case the mineral is fused with potassium pyrosulphate, the melt is 
extracted with dilute sulphuric acid, and any insoluble residue is re-fused and 


• - . ‘t pfecipitatedas described 
lecipitate is washed, dried 


Phosphorus. Neutralise the spent liquid from the determination of the 
iron with ammonia, and reduce the iron by adding 50 ml. of a saturated 
solution of sulphur dioxide and boiling. 

Precipitate the phosphorus as aluminium phosphate by adding an 
excess of aluminium sulphate and a slight excess of ammonia. Collect 
and wash the precipitate,. which will be very impure, and fuse it with 
anhydrous sodium carbonate. Extract the melt with water and remove 
any precipitate of iron or titanium by filtration. Acidify the filtrate with 
hydrocfiloric acid, add a smalt excess of ferric chloride, and reprecipitate 
the phosphorus as ferric phosphate by again making the solution alkaline 
wjth ammonia. Filter and wash the precipitate. Dissolve it in nitric acid, 
and determine the phosphorus as ammonium phosphomolybdate (pp. 79 
and 136). 

Analysis of Iron and Steel 

Plain steel or ordinary cast iron will usually contain, in addition to the 
iron and carbon, appreciable quantities of sulphur, silicon, phosphorus 
and manganese. Traces of copper, arsenic and oluminium may also be 
present. Special steels and cast irons -will also contain nickel or nickel and 
chromium. High-speed steel may contain chromium, tungsten, molyb- 
denum and vanadium, wliilc titanium is also a constituent of certain 
steels. 

Wien determining the elements in steel or in other substances which 
arc easy to weigh, it is sometimes useful to take a “ factor quantity” 
of the material. The meaning of this expression is shown by the 
following example s In the determination of carbon in steel, the carbon is 
weighed as carbon dioxide {mol. wt. 44 01). If O-4-tOl grm. of CO* arc 
collected, the steel sample must lia^x: contained 0-1201 grm. of carbon. 
That is, 10 milligrams of CO, arc obtained from 2 73 milligrams of carbon. 
If the steel contained 0-1 per cent, of carbon, 2-73 grm. of it would contain 
2-73 milligrams of carbon and would give 10 milligrams of CO,. In this 
case 10 railllgrams of CO, correspond with 0-1 per cent, of carbon. Thus, 
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if 2-73 yrm. of steel arc taken, the number of decigrams of carboa dioMik 
collected is the percentage of carbon in the steel ; 2-73 (2729) bjtherefon, 
the “ factor quantity ” for carbon in steel. 

The use of the “ factor quantity ** greatly simplifies final calculation!, 
especially if a definite multiple or sub*multiple, say twice or one-third, > 
of this quantity is analj*sed. 


The sample for analj’sis should be in the form of fine turning, 
drillings, or powder ; and since cast iron and ferro-manganese contah 
greater quantities of impurities than do either wrought iron or steh 
about three times as much mought iron or steel is taken for analysis m 
is desirable in the case of cast iron. 


Total Carbon (factor quantity, 2.729 grm,). The total tarbon m 
and steel may be determined either bj' direct dry combustion, ^ . 
combustion of the carbon after separation of the iron. The first me 
more frequently used. 


Direct Dry Combustion of Carbon. The steel is -burnt m a s ' , 

pure oxygen. The resulting gases are bubbled through f 
solution of chromic oxide, which oxidises any sulphur dioxide an 


it as sulphuric acid. The carbon dioxide is dried, if necessary, . ^ 

it through a calcium-chloride tube and is collected in a weigic 
containing soda-lime. 


,, as follows ! The oxygen ‘o LSiM 

in an ordinary aspirator (the volume of each tvessel of tn p 
should be about 10 litres), and the gas is first -fining 

of large U-tubes containing soda-lime and a and 

concentrated sulphuric acid, to remove all traces of carbon i 
to dry the gas. Alternatively, the oxygen straight wm 
may be passed through the train. In this case a safety^ ® ^ 

included between the cylinder and the first U-lubc. This 
small bottle, about 7 cm, high and containing a layer ^ Ijuaf,. 

2 cm. deep. The bottle is closed with a double-bored ™ 

One qf these holes is left open, whilst through the other pas height 
of a^-piece, the bottom of which can be adjusted to ® -ofthe 

beloi^he surface of the mercury in the bottle. One of t le 
T-pie« is connected to the o^gen cylinder and the o le ’ 
•stop-cock for regulating the flow of gas, to i 

iible furnace for the combustion of steel must be it 

^ ,flnecessary to describe such a furnace here, beyond saymfc 
'"«»rT^Iie capable of giving a temperature of c„inhur is t® 

A nf 1 MO** Cl. toU be required u smp \ 


a pT< 

train. 

A 

is’ ut’ 


A temperature of 1,350* C. -iviU be required 
by combustion. The combustion-*”^ 


-tube should be 


about . 


rhe comDustion-iuu-= nfsomc 

•. It should be of alundum, or oi 


. in diameter, 

epared specianyfor the purpose. which are 

1 is biumt in large boats of alundum or porcc i 
y a layer "of alundum powder; this is prepar passed 
DT the purpose. After the combustion, the saso l,y 

•uj^baycr of hot copper-oxide >virc or of copper oxi 
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rolling up copper guuze and igniting it in the furnace. Care must be 
taken to prevent attack on the tube by spatterings of iron oxide and by the 
copper oxide. Vitreosil tubes and other tubes containing a higli percentage 
of silica are particularly liable to crack if contaminated in this way, as 
the acid material of the tube reacts with the basic oxides. ' 

The gases from the steel pass through a special Arnold bubbler 
containing a concentrated solution of chromic oxide either in 50 per 
cent, sulphuric acid or in concentrated sulphuric acid, and are dried by 
passage through a calcium cliloride tube which has been so prepared 
that it does not absorb carbon dioxide (p. 88). If the chromic oxide 
has been dissolved in concentrated sulphuric acid, the calcium chloride 
tube is unnecessary, but a tube containing glass wool to trap spray 
must be substituted for it. The carbon dioxide is absorbed in a U-tube 
clrargcd wth soda-lime. Tliis tube must be fitted with glass taps, and mxist 
be provided with a guard-tube to protect it from the air. 

Heat the furnace, and ignite the boat and alundum powder in a stream 
of oxygen, the absorbent-tube being in the train and the oxj'gen passing 
through the Arnold bubbler at a rate of four to six bubbles a second. After 
ten minutes, or when it is judged that any carbon in the furnace has been 
“burnt out“ and that all air in the absorbent-tube has been replaced 
by oxygen, disconnect this tube, close its taps, and leave it in the balance- 
case for exactly fifteen minutes. Then weigh it. Keplace it in the train, 
pass the oxygen for 'a furtlier ten minutes and repeat the cooling and 
weighing. Note that the tube is weighed only when it is filled with oxygen, 
and always with the taps closed, although one of these should be opened 
momentarily just before weighing to bring the pressure of the gas inside 
the tube to that of the atmosphere. If there is no substantial difference 
in the two weights, the determination of the carbon in the steel can be 
undertaken. > 

The metal must be freed from all traces of grease by washing it with 
ether and then with alcohol and drying it in a steam-oven. "Withdraw 
the boat from the furnace and allow it to cool a little. Weigh out 2 grm., 
or the factor quantity, of the steel drillings (or o lesser quantity of cast 
iron), and pack them in the boat. The steel \vill bum better if it is closely 
packed, and advantage may be taken of this fact to control the combustion 
of a steel which tends to burn loo vigorously. Push the boat into the 
centre of the hot combustion-tube. Close the tube at once, and pass 
oxygen at such a rate that four to six bubbles per second pass through 
the Arnold bubbler, Wien the steel burns, the oxygen will be absorbed 
rapidly, and the rate of flow of the gas from the reservoir may be increased 
for a short time. The aim should be to keep the gas passing through the 
bubbler at a constant rate. When the steel has been oxidised, continue to 
pass the oxygen for a further fifteen minutes ; then disconnect the 
absorbent-tube, close the taps, and cool and weigh the tube under the 
standard conditions. A common source of error is in the weighing of the 
tube. The area of glass is comparatively large, and the quantity of moisture 
absorbed on it will vary appreciably if the conditions under which the tube 
is weighed are varied. 

The occasional checking of the apparatus and method by carrying out 
the combustion of a steel of known carbon content is strongly advised. 
Standard steels can now be purchased. The beginner should obtain one 
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of these and practise with it until lie 1ms acquired the necessary technique, 
because tiie determination of carbon in steel by this method is satisfactory* 
only in the hands of experienced workers. 


any ' • * ■ 

N 

baij 

filtration, and the excess of baryta determined by titration wth standard acid, 
using methyl orange as indicator. Alternatively, the excess of baryta may be 
titrated in the presence of the barium carbonate with dilute standard acid, using 
pbenolphthalein (p. 1S5}. These methods are little used. 

Combustion o{ the Carbon alter the Removal o! the Iron. Tlie powder 
or borings of the metal nre digested with an excess of cupric ammonium 
chloride solution. The iron is dissolved and an equivalent weight of 
copper is at first precipitated, but, if the digestion is continued, the copper 
is redlssolved and a residue only of carbon is left. The carbon is introduced 
into a small boat and ignited in a combustiomtubc in a current of oxygen, 
and the carbon dioxide produced is absorbed by sodadime, and Is weighed. 
The process is used to determine carbon in cast iron. 

PreparatloD o! the Cupric Ammonium Chloride Solntion, Dissolve 400 grm. 
of cuprommonium chloride, CuCl*.2NlI«C],2H|0, in water to which 50 mh of 
concentrated HCl have been added, and make up tlie solution to 1 litre. Filter 
before use. 

Procedure, Weigh out accurately 1 grm. of cast iron, or 5 grm. of 
wrought iron or steel, and digest the metal in the cold with from 100 to 
200 ml. of the above solution. Stir occaslonnlly with a glass rod to assist 
the disintegration of the metal. 'Wlrcn most of the iron has dissolved, 
continue the digestion of the residual carbon and metallic copper at 70® C., 
adding more of the copper solution if necessary until most of the copper 
has dissolved. As soon ns the residue loses its red colour, collect the 
carbon upon an asbestos filter, having previously removed any scum of 
basic ferric chloride from the surface of the liquid by the addition of a 
little hot, dilute hydrochloric acid. 

The iron from a number of samples can be dissolved conveniently at 
one and the same time by placing the weighed quantities of metal in the 
solvent in conical flasks arranged in scries. The liquids are stirred by 
pulling air through the flasks, using a \vater-pump. If another conical 
flask containing a little mercury, to act os a trap, is placed beta’cen the 
pump and the reaction-vessels, the ^vater can be left running over night. 
The next morning it will be found that the iron has gone into solution and 
that most of the copper has redissolved. Tiie remov'al of the residual 
copper may then be hastened by heating the flasks gently. 

■ - - * - ' ’ a plug 

• • broken 
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A special funiic! may be made for the purpose of the filtration in tlie follo^in^ 
way : A piece of combustion tube, about 10 cm. long and 1 cm. in internal 
diameter, is dro'vn out at one end until n small orifice only is 
left (Fig. 10»). It will be found consTnient to introduce n 
colled piece of stout platinum srire into the funnel to l»c used 
for piisbing out tlie nsl>estos Into the boat when the flUmtinn 
luis been completed. The glass wool and asbestos arc tlien 
introduced into the filterdube above the wire coil, and arc 
washrf as is described above. 

If a small platinum filter-tube is used instead of Uic glass 
tube, it may be puslierl with its contents into the combustion- 
tube : ttic removal of the asbestos and carbon from the funnel 
tlnw becomes unneccsviTy. 

An onlmary Gooch crucible may be used instead of a 
special filter-tube. 

Fio. 105. 

The carbon i^ waisbctl on the rdtcr4intil it is free from CUnnox Fit.Tcn 
chloride. The filter is then <lrle<l in a steam-oven, the 
asbestos containing the carbon is transferret! to n porcelain or platinum 
boat, and the combusion is carried out In tbe manner described nbove for 
the direct dry combustion of steel. It is, however, advisable to include 
in the train n tube containing pumicc impregnated with anhydrous 
copper sulphate (p. 88) to ensure tiuit no hydrochloric acid passes into 
the potash bulbs. Alternatively, n coil of silver gauze may be placed 
between the copper oxide and the outlet tul)c. TItc silver will also remove 
any chlorine which may result from the incfllcicnt w.^shing of the filtered 
carlxjn, The separated carlwn can be burnt at n considembly lower 
temperature than that necessary for the successful combiistion of steel, 
but, ns In the case of the direct drj* combustion, the running of n blank Is 
essential. 

Graphite. Wcigli out S grnu of steel, 1 grm. of grey, or 8 grm. of srhitc, 
cast Iron. Use co.irsc drillings. Heat them gently with nitric acid of 
sp. gr. 1'2, using 23 ml. of tlic acid per grnnmjc of metal. As soon ns the 
Hocks of carlxmaceous matter have disappeared, collect tlie insoluble 
rcsKluc of impure earlKin on an nsl»estos filter, and svasli it succcsshcly 
with hot srattr, a s-crj' dilute solution of j>otn«sium hydroxide, nlcnhol, 
ether, nml again svitli alcohol. Dry’ the residue, and determine the 
nmount of graphite in it by burning it inn stream of oxygen and nWrliing 
and weighing the cnrlwn dioxide. • 

Combined Carbon In Steel, Wronghl and Cast Iron by Eggerlz’s Method. 
This colorimetric method Is descrilHxl on p. 217. 

Sulphur. Two methods arc in common unc ; 

1. The sulphur is first cvolvctl as liydrogen svilphide and this is 
I'olleete*! and determined volumctricany. This process applies to plain 
Rterl ; sulphur may Ik* lost from txisi Iron or alloy steels. 

2. The sulphur Is eonverleel Into siilpliurie acid, srhich Is prccipitntetl 
and wcighetl ns barium sulplmtc. This mcthcxl gives more nccuxale 
n*suUs tlian the first, and is of general application. 

Dtierminnlion of Sulphur btj Conversion info lhjJTO'>en Sulphide 
(1 -wn gnu. of steel containing 0 1 per cent, of sulphur requires I ml. of 
0 1 N*. Iodine). Fit Into the neck of n 800-ml. conical fi.ask n dotdily- 
perfomtnl nihl>er stopper, which Ii.*is prrviotisly l>een Iwilnl svith sodium 
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hydroxide solution to extract the sulphur. Through one hole in this 
stopper push a thistle funnel, whicli must nearly touch the bottom of the 
flask. The thistle funnel must be fitted with a tap. Into the other hole 
fit a delivery-tube which just passes through the bung, and which is bent 
twice; once, near the end, at 140® and once at 40® to bring it vertical 
again. The distance between the two bends should be about 20 cm. ; 
this portion of the tube -will act as a condenser. Connect the other end of 
the delivery-tube to a length of glass tubing-whicli carries a bulb to prevent 
“ sucking back,” and which passes through a two-holed rubber stopper 
into a second conical flask. This tube should reach nearly to the bottom 
of the flask, and the flask should also be connected to a bulbed U-tube 
as a guard-tube. All stoppers and rubber tubing used as connecting 
pieces must previously have been boiled with sodium hydroxide solution 
to extract any sulphur they contained. 

Dissolve 5 grm. of cadmium chloride in 200 ml. of 0-880 ammonia and 
dilute to 1 litre. Place about 80 ml. of this solution in the second conical 
flask and also a few millilitres of it in the guard-tube. 

Weigh out accurately from 5 to 10 grm. of the steel or ^vrouglit iron 
into the first flask, and displace all air by passing a current of hydrogen, 
via the thistle funnel, tlirough the apparatus. The hydrogen must be 
cleaned by passing it first through a solution of lead nitrate in sodium 
hydroxide and then through the water, before it is allowed to enter the 
flask. Disconnect the* lead from the hydrogen apparatus from the thistle 
funnel, and dissolve the steel in 50 ml. of concentrated liydrochloric acid 
which has been diluted with 20 ml. of water. With some steels the notion 
will be brisk, and it may be necessary to odd the acid from the thistle 
ftinnel'in small quantities at a time and to cool the flask. When the 
evolution of gas has almost ceased, heat the flask gently with a small 
flame until the metal has dissolved, and then boil it gently for ten minutes, 
passing a slow stre.nm of the pure hydrogen through the apparatus. 

' Then remove the flame, but continue fo pass the hydrogen for a further 
ten minutes. The sulphur will be converted into hj-drogen sulphide and 
will be carried away in the stream of hydrogen and steam. It ■will be 
precipitated by the cadmium solution as impure cadmium sulphide. 

Filter the precipitate, and return it, together ^vith the paper, to the flask 
which originally contgined the cadihum. (Neither precipitate nor flask 
should be washed.) Add about 100 ml. of water and 20 ml- of dilute 
hydrochloric acid. Oxidise the HjS immediately with an excess of a 
standard, approximately 0-05 N. solution of iodine (10 ml. is usually 
suflicient), and titrate the excess of iodine \vith 0-05 N. sodium thiosulphate, 
using starch as indicator. 

CdS -f- 2HC1 + I, = CdCIj -f 2HI -f S. 

Note 1. Alternatively, flush out the apparatus witlj carbon dioxide instrod of 
with hydrogen. If carbon dioxide is used, the HjS must be collected fn a solution 
containing 25 gnn. of Cadmium acetate and 20 ml. of glacial acetic acid per htre 
instead of in the ammoniacal cadmium solution. The latter would lead to the 
formation of anunonium carbonate. - , 


completed and the excess of the oxidant is expelled by tailing the liquid, onU the 
sulphur is precipitated and detcmiinecl as BoSO*. 
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Dclerminalion of Sulphur its BaSO^ (1*37!? grm. of feted containing 
0-01 per cent, of sulphur gives 1 milligram of BaS 04 ). Dissolve 5 grm. 
of steel, or 2 grm. of cast iron, in 50 ml. of nitric acid. Use an cNiiporating- 
dish. If solution is slow, it may be hastened by adding from time to 
time a few drops of hydrochloric acid. ^Mien the iron is in solution, add 
0-3 grm. of sodium carbonate to fix the lIjSOi, c\-aporate to drjmess at 
a mo<lcralc heat on an iron pbilc or air-bath, and bake gently. Cool, 
add 30 ml. of concentrated hydrochloric acid, and repeat the evaporation 
and baking. Extract the residue %vith a further 30 ml. of concentrated 
hydrochloric acid, and evaporate until the solution is sjTupy. Tlicn add 
5 ml. of hydrochloric acid and 5 grm. of fine zinc granules. These must be 
added cautiously, and their purpose is to reduce the iron to the ferrous 
state and so prevent precipitation of iron with the precipitate of barium 
sulphate. Heat the dish on a >vatcr-bath until the iron has been reduced 
and the evolution of hydrogen has ceased, and then filter. Wash the 
residue with ^vatcr containing about 2 ml. of hydrochloric acid per 100 ml. 
Boil the filtrate and runnings, and to the Iwiling liquid add 10 ml. of hot 
reagent barium chloride (see p. 617) in excess. After standing for two 
hours, or, better, overnight, filter tlirough an nshless paper, >vash with 
hot, dilute IICl and then with hot ^vatcr, and drj', ignite and weigh tlie 
BaS04 (p. 05). 

This method gives the more accurate results, provided care is taken to 
remove the free nitric acid, to keep the volume of the liquid small, and to 
add a fidr excess of barium chloride solution. 



Silicon (4-005 gnu. of steel containing 1 per cent, of silicon give 0-1 gnu. 
of SiO,), Dissolve 2 gnu. of cast Iron, or 5 grm. of steel or Avrought iron, 
In KO ml. of a solution containing 10 ml. of conccntraletl sulphuric acid, 
15 ml. of eonoentrated nitric acid mid 53 ml. of water. Use a covered 
c\-aponUing dish, and lake care to prewnt loss by spirting if tlic action is 
violent. When the inctnl has dissolved, cwijiomtc until dense white 
fumes of sulplmric acid arc evolved. iUl org.anic matter must be removed 
and tlic silica must l»c dcliydmtcd thoroughly. Allow the contents of the 
dish to cool, nn«l add about 100 ml. of water and 5 ml. of concentrated 
lijnlrochloric nckl. Dissolve the sails ns rapidly as possible bv beating 
anil stirring, and tlicn at once filter tlirougli paper. Wash the precipitate 
with cold, 5 |>er cent, hydrochloric acid until the filtrate f.iils to give a 
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re.'iction for iron, and then with hot waiter until it is free from acid. 
Then dry the precipitate, ignite it in a platinum crucible and weigh it. 

Since the silica may contain impurities, it is best to ascertain the 
weight of pure silica present by treating the weighed substance with 
pure hydrofluoric acid and'a little concentrated sulphuric acid {p. 101). 

Phosphorus (1'35 grm. of steel containing OT per cent, of phosphorus 
requires 1 ml. of normal alkali). The phosphorus is converted into 
phosphate by the action of concentrated nitric acid, and is then precipitated 
as phosphoraolybdate (a) ; or the phosphomolybdate is converted into 
lead molybdate and weighed as such(h). This method has the great 
advantage that the precipitate weighed represents a very much smaller 
weight of phosphorus ; about 7 milligrams of phosphorus yield 1 grm, of 
precipitate. 

(а) Determination as Phosphomolybdate. Dissolve S grm. of the steel 
in 100 ml. of dilute nitric acid (one volume of acid and two of water), 
using a beaker if the phosphorus is sul»equently to be determined by a 
gravimetric process. Otherwise use a conical flask. '^Vllen all the steel 
has dissolved and most of the oxides of nitrogen have disappeared, add 
5 ml. of reagent potassium permanganate solution (p. 51S), and boil 
for three minutes to oxidise the phosphorus completely and to remove any 
carbides. If no precipitate has appeared, odd more of the permanganate 
and continue to boil. Dissolve the precipitate which is obtained finally 
by the addition of a solution of sulphur dioxide, which must be added 
slowly, drop by drop, In only slight excess. The solution should meanwhile 
be boiled, and the boiling should be continued for two minutes after the 
disappearance of the manganese dioxide. If a precipitate of silica or 
tungstic oxide is now present, filter. 

To the solution, cooled to 35* C., add 50 ml. of ammonium molybdate 
reagent (p. 70). Shake or stir the solution for five minutes and allow 
it to stand at 35* C. for fifteen to thirty minutes. The precipitate may 
be collected in a Gooch crucible, •washed \vith I per cent, nitric acid, and 
weighed as (NH4)3p04*12JIoO„ after drying it at 110* C. (p. 78.) ; or it 
may be collected in an ordinary filter-paper, washed ■with 1 per cent, 
potassium nitrate, and determined volumetrically (p. 136), the precipitate 
and paper being returned to tlie original flask. Solutions of acid and 
alkali of O-OS N, concentration are usually suitable. 

Alternatively, the phosphomolybdate may be converted into magnesium 
pyropliosphate (p. 77). .Dissolve the yellow precipitate in ammonia, 
and pour a solution containing 0-5 grm. of citric acid, 10 ml. of concentrated 
hydrochloric acid and 15 ml. of -water o\xr the paper to dissolve any traces 
of ferric phosphate which may be present. 

(б) Determination by IVeighing as Lead Molybdate (PbMoOf) (7-04 gnn. 
of steel containing Od per cent, of phosphorus give 1 grm. of PbMoO^). 
Wosli the precipitate of phosphomolyb^te six times with 1 per cent, 
nitric acid, and then dissolve it by pouring on to it 4 ml. of concentrated 
ammonia. Wash the solution out of the flltcr-paper or Gooch crucible 
with hot water and acidify it with hydrochloric acid. Then add 10 ml* 
of a 4 per cent, solution of lead acetate and heat to boiling. Finally, add 
a boiling solution containing 10 grm. of ammonium chloride and 10 grm. 
of ammonium acetate in 100 ml. of water. Collect the precipitate, as 
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soon as it has settled, in a Gooch or alundum crucible, wash it wth hot 
water and weigh it after ignition over a Bunsen burner to constant weight, 
at not more than a good red heat. 

Manganese (1-099 grm. of steel containing 0-1 per cent, of manganese 
requires 3 ml. of 0 05 N. ICMnO*). JIanganese in iron and steel is usually 
determined by the bismuthate process (p. 267). 

About 1 grm. of the steel is dissolved by heating with 35 ml. of HNOj 
(sp. gr. 1-2). After the action of the acid has been completed, oxidise 
the organic matter present in the solution by gradually adding sodium 
bismuthate until the pink colour of the permanganic acid eitlier persists 
or becomes changed to brown manganic oxide when the liquid is boiled : 
this may require about 0 5 grm. of the bismuthate. Then gradually add 
either sulphurous acid or ferrous sulphate until the liquid is clear, heat to 
remove most of the nitrous fumes^ cool and proceed as described on p. 267. 
Solutions of approximately 0 05 N- concentration are convenient. 

Note. Cobalt interferes mth this metltod, and, if present, must be removed 
Chromium is oxidised by sodium bismuthate when the solution is hot, and care 
must be taken to ensure that any chromic acid produced in the preliminary 
oxidation U reduced by the SO, or ferrous sulphate. The amount of chromium 


The carbides in cast Iron may be somewhat difRcult to oxidise. Use 1 to 2 grm. 
of bismuthate in the preliminary.oxidation and boil vigorously. 

Colorimetric Determination of Manganese in Iron and Steel. The steel 
is dissolved in nitric acid and the manganese is oxidised by periodate or 
by ammonium persulphate in the presence of silver nitrate (p. 241). 

Copper (0-35 grm. of steel containing 0*1 per cent, of copper require 
1 ml. of 01 N. sodium thiosulphate). Dissolve 10 grm. of a plain carbon 
steel, or a suitable quantity of a cupro-steel, in 20 ml. of HjSO^ diluted 
with 80 ml. of water. Heat until the iron is dissolved and then dilute to 
300 ml. The copper will now probably be partly in solution and partly 
undissolved. Precipitate the soluble copper by adding 1 grm. of copper- 
free zinc and by stirring until nearly all the zinc has been dissolved. Filter 
through a Gooch crucible or coarse paper, working rapidly to avoid 
oxidation of the copper. Then dissolve the precipitate in 3 or 4 ml. of 
concentrated nitric acid, and boil to remove oxides of nitrogen. 

The copperin this solution may be determined iodomctrically (p. 177), by 
electrolysis (p. 228), or colorimetrically, using the diethyldithiocarbamate 
method (p. 239). Iron and zinc interfere with the colorimetric method, 
but not if the solution is strongly ammoniacal and tlic citrate radical is 
present (p. 210). Although the interference of iron in the iodometric 
method is minimised by the addition of potassium Ihioride, it is better 
when using either this or the electrolytic method, to remove the iron 
from the solution of copper in nitric acid by making the liquid strongly 
alkaline witli ammonia, by filtering off the precipitate of ferric hydroxide 
and washing it with dilute ammonia. If this precipitate is at all large, it 
must be dissolved in hydrochloric acid and reprecipitated. 

Copper may also be separated from iron by the ether '.eparation (see 
below under “ Nickel ”). 
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Aluminium (2-2 grm. of steel containing O-l per cent, of aluminium give 
10 milligrams AlPO*). The aluminium is precipitated as phosphate under 
conditions which preclude the precipitation of iron. 

Dissolve 10 grm. of the steel in 60 ml. of hot 50 per cent. HCl and filter 
the solution. Determine the aluminium as described on p. 800. Use 
2 grm. of disodium hydrogen phosphate crystals for the precipitation. 
The first precipitate will probably be contaminated with ' silica, and 
therefore dissolve it on the paper with the hot, dilute hydrochloric acid 
so that the silica will be left behind. 

Copper, titanium and chromium interfere. Copper must first be 
removed with H 2 S. Titanium is weighed as titanium phospliate with 
the aluminium, and an allowance for it must be made by determining it 
separately (p. 816). Chromium must be removed by converting it to 
chromate by fusing the second pliosphate precipitate with sodium 
carbonate and potassium nitrate, dissolving the melt in hydrochloric 
acid, and reprecipitating the phosphate again, this time without the 
addition of sodium thiosulphate. 

Nickel (2'032 grm. of steel containing 1 per cent, of nickel give 0*1 grm. 
of NiC 8 Hj 4 N‘ 404 ), Nickel in steel is nearly nlwaj^ precipitated as nickel 
dimethylglyoximc (p. 02) and weighed as such. ,The nickel is first 
separated from the iron (o) by shaking a solution of the chlorides with 
ether, in which ferric chloride is soluble ; or (&) the nickel is precipitated 
from a solution containing tartrates, in which the iron is soluble. 

(a) Separation with Ether. Dissolve 2 grm. of the steel in dilute HCI of 
1*1 specific gravity, add sufficient HNOa to convert the iron into tlie 
ferric state, and remove the nitrous fumes by boiling, fliake sure by testing 
with a freshly-raade solution of potassium ferricyanide that all the iron 
has been oxidised. Evaporate the solution until the FeCls begins to form 
a skin upon the surface of the liquid. -Add diluted HCl of 1*1 specific 
gravity in order to redissolve any basic salt, and transfer the liquid to a 
stoppered separating-funnel of 250 ml. capacity. Rinse out the solution 
into the funnel with successive small portions of the dilute hydrochloric 
aefd, taking care that the whole volume of the liquid does not exceed 
50 ml., and then add 12 ml. of concentrated hydrochloric acid to the 
contents of the funnel. 
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Now pour 40 ml. of ether into the funnel nnd shnkc the liquids topether 
for nlwut eight minutes. If tlic solution is srarm, the stopper of the 
pcparntinp-fimncl mny l>c hlo^m out. TIic ether will remove the FcCl, 
from the solution, nnd will form on emerald-green h^yer nlxjve the nqueous 
solution. Let the funnel stand for a few minutes nnd then transfer the 
ncid aqueous solution, containing the niekcl chloride, to nnothcr separating- 
funnel containing 40 ml. of ether. Shake the ether in the first funnel with 
a little of the dilute HCl nnd allow the lower layer to flow into the second 
funnel. Repeat the svashing with fresh ncid, nnd finally pour off the 
green, ethereal solution from the first funnel into a residue bottle for the 
recover}’ of the ether. Shnkc the contents of the second funnel for ten 
minutes to remove the last trace of the ferric chloride from the acid liquid. 
Then allow the ncid liquid to flow into nn cs-nporating-hasin, and smsh 
out the last portions svith the dilute ncid ns l>cforc. 

The solution of the nickel chloride will contain n little ether which 
must be rcmovctl hy boiling. Sometimes the ether used contains n reducing 
ogent, nnd It is therefore ndvisahlc to test the sohition of nickel chloride 
for the presence of ferrous Iron. If ferrous iron Is present, it must lx* 
oxidised liy boiling the solution with nitric ncid. If the steel contains 
chromiunior nil the iron has not l>cen rcmovc<l,nd<l I gnu. of tartaric ncid, 
make the solution slightly alkaline with ammonia, nn<l determine the 
nickel ns dimcthylglyoximc (p. 02). If copper is present in the steel it 
will be In the nickel fmetion, from which It may lx* scparsttejl hy precipita- 
tion with hydrogen sulphide, If It is nccessarj* to determine it. Copjxjr, 
except in large quantity, does not interfere with the gjyoximc method. 

The nickel may also be determines! voluinclricsdly by the cjTinide 
process (p. 100), providc<l cnpfKT, manganese, and other interfering 
elements nrc itlKotit. 

(i») WUhout Scpftrniion. Dissolve mx! oxidise the steel ns for the ether 
nopanilion. Then dilute the solution to 300 ml. nnd add 3 grm. of tartaric 
ncl<l per gramme of steel. Make just tdlmline srilh ammonia, wmnn, and 
add the ditnrthylglyoxhnc. It this inetlioil Is uscfl it is most irnixirtant 
to c«invrrl all the Imn to the ferric state. 

Chromium (!•73l pnn. of steel r«>iitnining 01 jx-r ernt. of ehmmimn Is 
equivalent to 1 ml. of (» 1 N. Iv|Cr,0, or KMnO,). Tlie steel is dissolved 
in arid nnd the chnimitmj is oxidivetl by j>otnsslnm ix'nmngnnnte to 
ehromie ncid. Tlic completion of this oxidation Is Indlcntctl hy the 
npjK-nranrc of n turbidity, SThich is due to the preeipltntion of manganrw 
♦lioxide hy the Interaction of manganous Milphale with the rxrrss <tf 
ivennanganatr. The pircipltate Is removnl hy filtration and n snrJi«x:^S 
volume nf ntandanl ferrous solution Is then ncldfs! In qtiantrrr rarrr- 
siilTlrient to rrtluer iht chmmle ncid, nnd the Cx x f** i< 
standanl potassium diehromntc solution. 

I^rnrriiurf. Dissolve 2 grm. of the strel in SOrrd. esf ‘afaunrtc jcii 
t«ior vohimr of conecntratcsl add nnd tirer x-tIssts :? x-i*-r-. E'.-H the 
nrlil until wdiition is nearly compSrtc; tlee; tie after 

adding 2 or 3 jnl. of csinerntraferj tr the iron. 

the oxides of nitP'grn liavT l--xn rah with h''t 

Tlien nm appPivimvlrh O J N. j»'?marrvr.atr (it K'V' ’ 

Into that hot c-hl s tsrh4-!.’tx pervjsts, nnd * 
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permanganate in excess. Boil for ten minutes to convert the excess of 
permanganate into manganese dioxide* filter through asbestos in a Gooch 
crucible, add a kno^vn volume in excess of decinormal ferrous atnraonimn 
sulphate solution, and determine the excess of the ferrous sulphate by 
titration mth standard diehromate solution, using potassium ferricyanide 
as external indicator ; or, titrate ■with the standard ferrous solution, usin" 
ferrous phcnantliroUne as internal indicator (p. 145). 

Instead of removing the manganese dioxide by filtration, it may be 
reduced by the addition of hydrochloric acid. Add 80 ml. of dilute acid, 
and boil until the chlorine has been expelled. Half the volume of the 
solution may have to be removed before this result is obtained. 

Chromium may also be determined potentio-mctrically (p. 217). 

Another method for the oxidation of the metal is described on p. 217; 
and a method for chromium in the presence of \'anadium on p. 218. 

Tungsten (0'793 grm. of steel containing 0*1 per cent, of tungsten 
gives I milb'grara of IVOj). The steel is dissolved in hydrochloric or nitric 
apid, or in aqua regia. The solution is evaporated to dryness, and extracted 
with hydroeWoric acid, wl\en a residue of silica and tungstic oxide, WOj, 
will remain. The silica is removed from this residue by means of hydro- 
fluoric and sulphuric acids, and the tungstic oxide is weighed. 

Digest 2 grm. of the fine steel drillings with 50 ml. of concentrated 
hydrochloric acid at a temperature just below the boiling-point, addingn few 
drops of concentrated nitric acid from time to time, until a clear solutioo 
is obtained and nil the iron is in the ferric state. The nitric acid Is only 
added as an oxidant, and should be used sparingly. E\’nporale the 
solution until a pasty mass results, and tlicn add 300 ml. of water and 
10 ‘ml. of hydrochloric acid, and boil gently for a few minutes. Add 
5 ml. of a solution of cinchonine hydrochloride (made by dissohing 
10 grm. of the alkaloid in 25 per cent, hydrochloric acid and diluting to 
to 100 ml. with the dilute hydrochloric acid),, and set the beaker aside for 
half an hour on a hotplate. Its contents should not boil. The cinchonine 
hydrochloride ■will precipitate any tungsten which may be in solution. 
Collect the precipitate on a filter-paper, and ■wash it \rith a solution 
containing 3 ml. oHhe above cinchonine solution and 3 ml, of concentrat^ 
hydrochloric acid per 100 ml., and, finally, once ■with water j the last acid 
fitrate should contain no iron. Dry the precipitate and ignite it in n 
platinum crucible, but do not exceed 850® C. This precipitate ^yiU be 
contaminated ^vith silica and, possibly, with iron. Remove the silica by 
treatment with hydrofluoric and sulphuric acids (p. 100). Then fuse the 
residue with sodium carbonate, extract with water, and filter. Any iron 
will then be in the precipitate. Precipitate the tungstic oxide from the 
filtrate by hj’drochlotic acid, using the above method, and collect, fgnife 
in a muffle furnace at 800" C. and weigh it. 

Molybdenum (2 615 grm. of steel containing 1 per cent, of molybdcn^ 
give 0-1 grm. of PbMoO^). Tlie method consists in preparing a solution 
of the steel by Iieating it with hydtocliloric acid, nitric acid being added 
as an oxidant in small quantities only. Tlie iron and ^manganese are 
precipitated from this solution by adding sodium hydroxide in excess. 
The Mo is precipitated from the filtrate as lead molybdate, PbMoO<. m 
the pYcsence of acetic acid, and weighed as such. 
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Treat 2 grm. of the drillings os recommended under “ Tungsten ” 
(above), but extract the pasty mass by heating it'gently with 33 ml. of 
•water and 10 ml. of hydrochloric acid. If tungsten is present, the 
residue ■will be yellow and the solution must be filtered. Reduec the 
acidity of the filtrate by the careful addition of sodium hydroxide solution 
of reagent concentration (p. S17)» but slop adding the alkali before the 
colour of the solution turns red. Place 15inl.ofthc sodium hydroxide, ora 
proportionate quantity if a •weight other than 2 grm. of the steel has been 
taken, in a beaker, dilute to about 100 ml. and heat to the boiling-point. 
Run the hot solution of the molybdenum slowly into this solution, stirring 
vigorously nil the •while. All the molybdenum should remain in solution 
and all tlie iron and manganese should be precipitated. Make up the cold 
liquid, without filtering, to 500 ml- Allow the precipitate to settle and 
then filter, collecting 250 ml. of the filtrate, corresponding >rith 1 grm. of 
the steel, for the determination. To this portion add a drop of methyl 
orange as an indicator, and then nm in hydrochloric acid in definite excess. 
Boil the solution and slouly add lead acetate solution, made by dissolving 
to grm. of the crystals in water containing a little acetic acid and enough 
ammonium acetate to convert the hydrochloric acid in the molybdenum 
solution to acetic acid, and diluting to 1 litre. Ten ml. of this solution 
will precipitate 10 milligram of molybdenum ; 5 'to 10 per cent, of it 
should be added in excess. 

Allow the precipitate to settle, collect It in a Gooch crucible or filter- 
paper, and wash it-ualh hot water. Ignite the lead molybdate at a red 
heat to constant weight. If the temperature is not allowed to rise too 
high, no special care need he taken in igniting the precipitate apart from 
the filter-paper, if the latter lias been used. 

Vanadium and tungsten interfere, but the molybdenum may be 
separated from the vaftadium by tlic ether process (p. 812). 


An a//mia/iw and shorter method now widely med in steel analysis Is to precipi- 
tate tlic TTiolybdcnuin with “cupron” (a-benzoin oxime). Silica and copper 
-u. , ,, •• ’ chromates must be reduced by passing SOj 


• [ grm. of hcxavalent Mo in 200 ml. of 5 per 


and weighed ns MoU|. 


Vanadium (5 005 grm. of steel containing 0-1 per cent, of s-anadium 
arc cqulsTilcnt to 1 ml. of O-l N. KjCrjO, or IOInO|). The process depends 
on the determination of the amount of oxygen required for the conversion 
of V|0| into V^b*. 

Dissolve 2 grm. of tlic drillings in dilute sulphuric acid, and proceed 
exactly ns for chromium (p. 313) by rcmoTOl of the manganese dioxide by 
filtration, but titrate the exeexs of ferrous sulphate with standard, approxi- 
mately 0-1 K. potassium permanganate. The ferrous salt reduces the 
vanadic acid and the chromic acid, nnd the permanganate oxidises the 
excess of the ferrous s.iU nnd the V|0, once again to V*Oj. I'rom this 
cvjKTinicnl the quantity of chromium present may be calculatcil. 
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Again reduce tlic VjOj with a known quantity of ferrous ammonium 
sulphate and titrate this excess eitlier with potassium permanganate or 
potassium dichromate, using potassium ferricyanide as external indicator. 
■\Vhen the indicator no longer reacts with a large drop of the solution, 
.the iron has been oxidised, the iron is oxidised before the vanadium, 
the quantity of vanadium present can be determined. 

The determination of vanadium alone or in the presence of chromium 
by the electrometric method has been described on p. 218. 

Titanium. Dissolve 5 grm. of the steel in 30 ml. of concentrated 
hydrochloric acid. If there is an apparent residue, separate it and ignite 
it in a platinum crucible. Set the crucible aside. 

Dilute the main solution to 200 ml. and add ammonia until there is 
a faint permanent precipitate. Just clear this with dilute hydrochloric 
acid, add 10 grm. of sodium thiosulphate in concentrated solution, and 
boil for twenty minutes. Tiie titanium \vill be precipitated as TiO|, 
but this precipitate will be impure. Filter through paper and wash 
with very dilute acetic acid. Dry the precipitate and the paper, and 
ignite them in the platinum crucible which already contains some of the 
titanium. 

Fuse the contents of the crucible with sodium carbonate, and extract 
the cooked melt with water. The solution should contain no titanium. 
Collect the solid residue on a filter-paper, wash it with hot water, dry it, 
and again ignite it in the platinum crucible. 'The residue may be weighed 
ns TiOfl at this stage, but it may still be impure. For a more accurate 
result, particularly if the quantity of oxide is small, fuse it with potassium 
bisulphate, dissolve the melt in hot sulphuric acid which has been diluted 
with Its own volume of water, and determine the titanium colorimetrically 
with hydrogen peroxide (p. 244). 

If the percentage of titanium is small, the steel may be dissolved in 
nitric acid, and the titanium determined colorimetrically after the 
successive additions of sodium bismuthate, to oxidise any carbonaceous 
material ; and of sulphur dioxide, to reduce any permanganic acid 
produced by the bismutliate. Pliosphorie, acid (p. 244) may be used to 
bleach the colour of the iron. In this case it is important to have in the 
comparison-tube of the colorimeter a titanium-free steel of otherwise 
similar composition which has been treated in exactly the same way as the , 
sample. The standard solution of the titanium is added to this solution. 

For the Compositions ol Typical Steels, see Table I., p. 490. 

Separations used in Steel Analysis 

As the methods of separation of the elements which may be present 
in a steel are somewhat confusing, a simiraary of those in most frequent 
use is set out below. In ’certain cases the valencies of the elements are 
indicated by writing the formulas of their oxides. 

The B^ic Acetate Separation (p. SOO). 

FcjOa, AljOg, TiOj in the precipitate. 

CrjOj, MnO, NiO, CoO, ZnO, CaO, MgO, etc., in the solution. 

The Barium Carbonate Separation. The cold solution of the metals 
is made just acid with hydrochloric acid and is then shaken with ver>' 



COAL AND COKE 


317 


finely»divided barium carbonate. Metals which are easily liydrolyscd 
are precipitated. Sulphates must be absent. 

Al, FcjOj, CrjOj, Ti, U, V, as hydroxides, arc in the precipitate, together 
with excess of barium carbonate, 

MnO, Zn, Co, FeO, Ba, etc., arc in the solution. 

If the barium carbonate is added to a hot solution, the divalent metals 
are also partly precipitated. 

The Ether Separation (p. 812). FeClj and RfoClj from all other chlorides. 
These metals are in the ethereal layer. 

The Mercurous Nitrate Separation. The ore or alloy is fused with sodium 
carbonate and sodium peroxide, or with potassium nitrate. The aqueous 
extract is made just acid with nitric acid, or, if potassium nitrate has 
been used in the fusion, the solution is left .slightly alkaline to avoid the 
production of free nitrous acid, a reducing agent. An aqueous solution ot 
mercurous nitrate, together mth on emulsion of mercuric oxide, is then 
added, the function of the oxide being to remove any slight excess of free 
nitric acid. After digesting on the hot pl.atc for an hour and filtering, the 
mercurous salts of VjOj, MoOj, WO,, As,0,, PjO,. and CrOj will be found 
in the precipitate, from which the mercury can be removed by ignition. 

Alkali Fusion in Presence ol an Oxidising Agent. As, P, Cr, RIn, Rio, 
Sb, Si, Sn, Ti, V and W >rill be found in the aqueous extract. 

Evaporation of a Solution to Bryn^ with ECI, followed by Extraction 
with HCl. SiO, and WO, will be found In the residue. MoO, is practically 
insoluble in very dilute MCI, but is completely soluble in 20 per cent. 

nci. 

Hydrogen Solphlde in Acid , Solution. MoS, is precipitated. This 
precipitate dissolves in yellow ammonium sulphide. Indeed, hcxavaicnt 
molybdenum beliavcs in this respect like tin. Neither tungsten nor 
vanadium is precipitated from an acid solution of II, S. 

Cnplerron. This substance is the ammonium salt of 
nitrosophenylhydroxj'laminc {C,H,N-NO ONII 4 ). In the presence of 
liydrochloric acid this reagent precipitates ferric iron and titanium, and 
allows these elements to be sepatatcil from Al, Cr, RIn, Ni, Co and Zn. 

PROXIMATE ANALYSIS OF COAL AND COKE 

The proximate analysis ot coal ordinarily comprises the determination 
of moisture, ash, sulphur, volatile matter, coke and calorific value. 

Since coal usually contains adhering water, which is lost during 
powdering and preparation for analysis, these determinations are carried 
out on a sample which has been “ air-dried,” 

A representative portion of the general sample of coal taken for test 
is finely ground (so as to pass B,S. Sieve No. 72), spread out in a thin 
layer and allowed to come into equilibrium with the moisture in the air 
of the laboratory. It is then placed in an air-tight stoppered bottle. 

In order to relate the results obtained from the " air-dried sample ” 
to that of the ” sample as received,” it is necessary to determine the 
moisture content of the latter. For this purpose, another portion of the 
general sample is ground so as to pass B.S. Sieve No. 14 and the moisture 
content of this is determined. 

See also p. 254 on “ Sampling *’ • and p. 250 on ” Air-drying.” 
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Moisture. When coal is heated it gradually loses moisture, hut after a 
time it also undergoes slow oxidation in the air. Since these processes 
affect the weight of the coal in opposite ways, no determination of moisture 
in coal which is based on the loss of weight of the sample during heating 
can be relied upon as being exact. It is generally considered that fairly 
constant and relatively accurate results may be obtained by drying the 
coal for one hour at a temperature of 105" to 107“ C., care being taken 
that this temperature is maintained throughout the drj’ing process. 

Weigh out 2 grm. of the “air-dried” coal into a shallow, stoppered 
weighing-bottle. Expose the coal to a uniform ‘temperature of 105® to 
107“ C. for one hour ; then cool it in a desiccator and weigh it. The 
above conditions may be attained conveniently in the apparatus described 
on p. 29, using either toluene or 73 per cent, of glycerin (sp. gr. I-IO) as 
the liquid in the jacket, which must entirely surround the heating chamber, 
since the vapour over the liquid will be nearly pure steam at a temperature 
lower than that required. The use of this mixture avoids any risk which 
might arise from the inflammability of the toluene Vdapour. 

■ A more accurate determination of the moisture in coal can be made by 
heating a sample at 103“ C. in a current of nitrogen or carbon dioxide in 
an electrically-heated tube (p. 93), and collecting the water given off in 
a weighed CaC]| tube. 

To determine the moisture in the “sample as received,” weigh out 
S grm. in a shallow, stoppered weighing-bottle or Petri dish and heat 
to constant weight In the oven at 103“ to 107“ C. The first weighing 
should be made at the end of one and a half hours. 

Volatile Matter and Coke. It is not easy to secure in a laboratorj’ the 
conditions existing in a retort or coke-oven, and thus to obtain the 
percentage of coke corresponding with practice. One grm. of air-dried 
coal is heated in a platinum crucible, 25 to SO ml. in capacity and covered 
with a close-fitting lid, for seven minutes over a 20-cni. Bunsen flame. 
The bottom of the crucible should be 7 cm. above the top of the burner, 
and the flame should be burning freely and protected from draughts. 
The under surface of the lid should remain co.ated with carbon, but the 
upper surface should be free from it. 'Cool the crucible rapidly by placing 
it on a cold iron slab and finally in a desiccator ; the loss of weight 
represents the volatile matter, including moisture. 

The weight of the residue in the crucible is the “ coke yield.” Bcsc^e 
this residue in the crucible for the determination of the ash. An 
examination of the coke obtained by this method will indicate whether 
the original coal is a caking, sintering, or non-caking coal. 

Note. The Fuel Research Board recommends the use of a platinum crucible 
of standard dimensions (diameter at base 24 to 25 mm., depth 85 to ^ 
supplied with a well-fitting internal capsule lid. The crucible, containing 1 g™- 
of finely-powdered coal, is placed in s gas or electrically-heated muffle furnace o 
temperature of 925“ ± 25® C. ; to nimimise the loss due to oxidation, an in 
atmosphere is maintained by placing a tray of charcoal Inside the mufue ana l 
heating h carried on for seven minutes. _ , 


it will melt potassium chromate (M.1*. 940" C.). 
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Ash. Two methods are usually employed for technical purposes : — 

(а) One to 2 grm. of finely-powdered coal in a thin layer are weighed 
in a shallow platinum, silica or porcelain dish, about 5 cm. in diameter 
and 1 cm. deep. The dish is heated, gently at first, but finally at a 
temperature of about 800® C., in a muflle furnace, in which pro\'ision is 
made for the free circulation of air o\er the coal. After one hour, the 
dish is removed, cooled in a desiccator and weighed. To test for complete- 
ness of combustion, moisten the ash with a few drops of alcohol. If black 
specks appear, burn off the alcohol and again ignite. 

(б) The coke remaining after the determination of the volatile matter 
is ignited. For this purpose the crucible lid is removed, the crucible 
placed well on its side on a triangle and the carbon burnt entirely away 
over a Bunsen burner. The coke should be stirred occasionally with a 
platinum wire until the ash is “ clean.” 

** Fixed Carbon.’* This is obtained by deducting the percentage of 
ash from the percentage of coke. , 

Snlphuf. It is often suiTlcient to determine the total amount of sulphur 
present in the eoal, and the sulphur which is left as sulphate in the ash. 
The difference between these two figures may be desenbed os “ com- 
bustible sulphur.” For the determination of other forms of sulphur in 
coal, see the references on p. 519. Two methods ore described : 

(a) Weigh out accurately about 1 grm. of the finely-powdered, ” air- 
dried” coal and mix it intimately with 3 grm. of Esebka mixture. The 
latter consists of 2 parts by weight of pure, light, calcined magnesia and 
1 part by weight of pure anhydrous sodium carbonate. Both reagents 
must be free from sulphate. The mixing is carried out in a platinum or 
porcelain crucible by stirring the powders uith a dry glass rod, and the 
contents of the crucible arc then covered with a thin layer of 1 grm. of the 
Eschka mixture. 

Heat the crucible gently at first. Then gradually raise the 
temperature to dull redness, and continue the healing until the dark 
colour of the mixture has faded, or has become red omng to the presence 
of iron oxide ; during the final heating, and not before, tlie mass should be 
stirred wth a stout platinum or nickel mre. The heating is best carried 
out in an electric mufile. A spirit lamp may be used, but, if a Bunsen 
burner has to be employed, the crucible should be fitted into a hole in an 
asbestos card to prevent the products of combustion of the gas from 
coming into contact with the contents of the crucible. 

tMien cool, transfer the crucible to a' beaker, wash the residue out 
with about 100 ml. of hot water, add 15 ml. of bromine n-ater and digest 
on the ^vater-bath for half an hour. Add excess of hydrochloric acid to 
<lis<;olve the residue, boil to expel the bromine and filter. To 200 ml. of 
boiling solution add 10 ml. of a 10 per cent, solution of barium chloride 
and detennine the sulphur ns BaSO, in the usual way. 

A blank determination should be carried out on the Eschka mixture in 
case it contains sulphates. If a Bunsen burner is used, a blank is essential, 

(b) If the bomb calorimeter has been used for determining the calorific 
value of the coal, the sulphur will have been oxidised to sulpliatc and 
the total sulphur can therefore be readily determined in the residue left 
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case to prevent loss of heat by radiation. Tlve case has openings in its 
sides through ^hich the progress of the combustion can be Tvatched. 

The following accessories are required for use with the instrument : 

1. An ordinary steel oxygen-cylinder, fitted with a reducing valve. 

2. A coil of pipe, preferably of copper, through which the oxygen can 
be passed before it enters the instrument. This enables the oxgen to be 
brought to the temperature of the room. 

3. A wash-bottle, to indicate the rate at which the oxygen is supplied, , 
The oxygen, is passed through this before it enters the calorimeter. 

4. A measure of 1000 ml, 
capacity. 

5. A sensitive thermometer, 
capable of being read, by estima- 
tion, to 0-01® C. 

6. A 4-volt accumulator with 
flexible leads to connect it to the 
ignition terminals ; any other 
suitable source of cunent may be 
used. 

7- A small silica disb on which 
the coal or pellet stands during 
combustion. 

8. A comprcssing-mortor for 
preparing the coal somples. 

Preparation of Sample. 
Thoroughly clean the mould and 
the plunger of the mortar. Fill 
the mould with the powdered 
coal, place it ’in the press and 
screw down the plunger as tightly 
as possible. Then ease the plunger, 
withdraw the steel plate, • and 
screw the plunger down again 
until the coal briquette falls 
through the base of the press. 
Weigh the sample and place it on 
the silica dish. 

If the* sample is not ground finely enough, it will spark badly in the 
calorimeter, thromng off pieces of coal, which may then be incompletely 
burnt. 

General Directions. Remove the glass chimney of the combustion 
chamber (Fig. 106) by unscrewing the three milled heads E and by turning 
the top clamping-plate until the slotted'lugs are clear of the clamping 
wires. See that the rubber rings separating the upper and lower clamping- 
plates from the cylinder are in good condition. Remove the bafric-tubc D 
from the base. Put the silica dish with the sample in the centre of tlJC 
base and replace the baifle-tube in position. Then replace the glass chimney 
centrally on the rubber ring and screw down the three clamping nutSi 
applying even pressure. Test the ignition wire by so adjusting the resist- 
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ance that the wire glows sufndently to ignite the coal when the current 
lias been switched on for one or two seconds. Close the tap --1, lower the 
ball-wlve C by rotating the rod at It until the catebpin at II drops into 
the slots, and turn on a small stream of oxj'gcn to prevent any water from 
entering the chaml>cr through the valve C. 

Now place the combustion chamber In the calorimeter vessel, which 
has been previously filled with 2500 ml. of water at a temperature 
somewhat below that of the room : put the thermometer in the spring 
fitting attached to the combustion chamber, and increase the oxj’gcn 
supply until the vmter is nearly hubhiing over the top of the calorimeter ; 
then note the temperature. Now pusli doivn the ignition rod with one 
hand until it touciics the sample, and with the other hand switch on the 
current, slide up the rod, and note the lime. Tlic ignition wire will burn 
through if it is not kept away from the burning sample. 

"Wlicn the sample has finislicd burning, shut off the ovygen, open the 
valve A and raise the hall-valve C to allow the combustion chamber to 
fill with water. Then close the tap A and lower tlie valve C, turn on a 
stream of oxygen to blow out the water, and allow the water to bubble 
vigorously for two or three seconds. Now shut off the oxygen, read the 
thermometer, and continue taking readings at intervals until a maximum 
reading has been attained ; this generally occurs a few seconds after 
the water has been expelled from the combustion cliombcr. Note this 
maximum reading. Also note the total time taken from the time of ignition 
to the attainment of this maximum tempcmturc. Allow the apparatus to 
cool with a slow current of oxygen passing for half this time, and note 
the fall in temperature. Add this fall in tcm]>crnture, ns a radiation 
correction, to tlie apparent rise In temperature observed between the 
initial and maximum readings of the thermometer. 

If the w.atcr equivalent of the calorimeter has been found (sec below), 
the calorific value can be calculated as follows : 


Example. Kuoiving Vie ivater equiralent of the cahrimeler, find the 
calorific value of the coal sample. If x be the weight of coal used, W the 
water equivalent of the calorimeter, to the weight of water used, and i the 
rise in temperature corrected for radiation, tlie calorific value C of the 
coal used is given by 

^ 0V-m»)f 

X 


In a special case : 

X = 1*825 grm. Temperature at start 

tv = 345 grm. Maximum temperature 

w = 2400 grni. • Radiation correction 

i = 4*77® -f O-ll* = 4 88* 


C. 

20-21'’ C, 
O-ll* C. 


Ilcnce, C = 


(345 + 2400)1-88 
1-825 


1S390 

1-825 


7340 calories per grm. of fuel. 


The Water Equivalent of the Calorimeter is best determined by burning 
a known weight of a standard coal m the calorimeter and measuring the 
rise in temperature. Standard coal briquettes, of known calorific value, 
can be purchased. Then : 

To find the water equivalent, using a eoai sample of known calorific value. 

■ • 11— j 
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If C IS known, os when standard samples are used to find the water 
equivalent, then (from the equation above) : 

Cx 

Av as — ry, 


Avlierc X <= 2 0-17 grm. 

w sa 2400 grm. 

C s= 7500 calories per grin. 

U =a fi'Sa* -f- o-io* 5-C2‘' c. 


Teinparatutc at staii 1 C. 
Jlaw’mum temperature 20 82* C. 
Itadiotion correction O-IO® C. 


Then 


2i00 


“ - 2 iOO = S32 grm. 

If the data arc given Jn pounds weight and degrees Fahrenheit tlie same 
calculation gives the result in B.TIi.D/s per pound of fuel; 

The Bomb’Calorimeter, The Jiigh-pressure oxygen calorimeter, or bomb 
calorimeter, is the only type of calorimeter 
which is recognised in stondard specifica- 
tions. It is the most satisfactory type for 
the following reasons : 

The combustion is always complete, 
provided the proper precautions are 
observed. The equipment is practically 
aU.mctal, so that tlic transference of heat 
is veiy rapid, and none of the products 
I of combustion escape. The loss of heat 

, ! radiation is reduced to n minimum 

r I and is controlled by tlie annular walcf'j 

1 ■ "“W I jacket surrounding the calorimeter, 

v. Finally, it can be used for liquid or solid 

^ ^ fuel. The bomb of such n calorimeter is 
shown in Fig. 107. It consists of the 
following parts ; 

A Bomb or suitable stout-^valled com- 
bustion cliombcr, mode of mctol of great 
strength, in which the substance is burned 
(Fig, 107). 

A CaloTimeter containing water, m 
whicli tljc bomb is immersed and to which 
the bomb gives up its heat. 

A Centigrade Thermometer graduated in 
hundredths of a degree ; a lens wth 
cross-wires may be mounted so os to slide 
up and d,own the thermometer, permitting 
readings to 0-001® C. A Beckmann ther- 
mometer is suitable. 

A CtjUndrical Water-Jacket in which tiie 
calorimeter is placed. Attached to thw 
outer jacket is a bracket fitted Into 
friction wheels by means of which a set 
of mixing paddies may be made to Toia^ 
or mo^’c up and down inside the calorimeter. The paddles arc operated 
by hand, or mechanically. 



Fio. 1 07 . Tm: BciiTnELor- 
Mahler Bomd CAtoniafCTEn. 
(Ktockcr’s modincation). 
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A Sloxagt Cdl, Electric Battery, or other source of electricity, capable 
of giving o current of about 2 amps, at C 170113, for Aring the fuel in the 
bomb. 

A Pressure Gauge, which records the pressure in the bomb and connecting- 
tube while the bomb is being charged with oj^’gen from the steel cylinder. 
This pressure should not be less than 20 or more than 30 atmospheres. 

The interior of the bomb may be protected from the corrosive effects 
of the acids produced during combustion by a lining of hard enamel. In 
older forms of the apparatus platinum or gold was employed for the lining, 
but most modern apparatus is constructed of stainless steel, resistant to 
corrosion, so that a lining is not necessary. The bomb is Atted with a 
screw-valve (Vj) for regulating the admission of oxygen, and with a 
support (K) which carries the crucible in which the fuel is placed, and 
which also scr\’cs as one of the terminals (Pj) required for the electrical 
ignition of the substance : a platinum wire (D, Pj) is the second terminal. 
There is also a screw-valve outlet (Vj, Sj) through which the gaseous 
products of combustion can be blown out if it is desired to analyse them 
(see Section XVI). The cover of the bomb can be' screwed down securely 
by suitable means. 

Tho procedure is as follows : A sample of the Ancly-powdercd coal is 
made into a pellet by the method described on p. 022 and is then weighed ; 
not more than 1 grm. should be taken. , 

Ten grammes of distilled water arc placed In the bomb, the crucible is 
Axed into its support, and a piece of platinum wire O OG mm. in diameter 
is looped between the terminals, so that it is in close contact with the 
coal ; a piece of cotton may be thre.aded round the coal and wire to ensure 
ignition, a correction being made subsequently for it. The bomb cover Is 
then screwed do^vn and oxygen is admitted %'cry slowly into the bomb 
until the gauge indicates a pressure of 25 atmospheres. The valve of the 
oxygen cj’lindcp is then closed, and Anally the scrcw-valve of the bomb is 
also secured. 

The bomb is now placed in the calorimeter containing 2490 grm. of 
water. Tills, together with the 10 grm. of water in the bomb, makes a 
total of 2300 grm. of ivatcr. When no oxj'gcn bubbles arc seen, showing 
the joints to be gas-tight, the pad Ales arc kept continuously in motion until 
the temperature of the ivatcr remains constant, as judged by thermometer 
readings taken nt intervals of a minute. 

The connecting ivircs from the battery arc then applied to the two 
terminals. If tliis has Arcd the coal, the mcrcur>’ 'vill shoot up in the stem 
of the thermometer ; the temperature of the ivnter is noted at intcriuls 
of a minute until the mercury begins to fall. 

The difference between the maximum and the initial temperatures when 
multiplied by the sum of the weight of the ivatcr and the water equivalent 
of the apparatus, gives tlic quantity of heat in calories produced by the 
combustion of the weight of fuel taken. The water cquimlcnt of the 
apparatus is determined by burning a knonn wciglit of some pure 
combustible substance, the caloriAc value of w’hich is accurately known ; 
licnzolc acid is usually chosen for this purpose. 

In testing ordinarj* fuels the following method of calculation is quite 



320 


QEN£EAL QUANTITATIVE ANALYSIS 


satisfactory, siiice careful experiments have shown that it is unnecessary 
to make any cooling-corrections if the temperature of the water in the 
calorimeter is the same as that in the water-jacket before the fuel is burnt. 
If the initial %Tatcr temperatures are tlic same as the temperature of the 
room when the determination is being started, and if 

C. = the initial temperature immediately before firing, 

T'’ C. sa the maximum temperature after firing, 

W *= the w'eight of vrater In the calorimeter, 

w' =s the water equivalent of the apparatus, in grammes, 

~ the weight in grammes of the fuel taken, 

X the calorific value of the fuel, 

X -v yjT- 1) ■ , 

In more exact work, corrections must be made for heat losses due to 
cooling and also for gains due to the fomiation of nitric and sulphuric acids. 
It is conventionally assumed that when a fuel bums under normal condi- 
tions, any nitrogen present is rmchanged and sulphur is oxidised to sulphur 
dioxide. Under the conditions in the bomb, sulphur is oxidised completely 
with the formation of sulphuric acid ; and nitrogen (includingafcmospherir 
nitrogen from the air present in the bomb) is converted into nitric acid. 
Both reactions take place with evolution of a considerable amount of heat. 
The method of carrying out the detennination will, however, in no way 
be affected. If these corrections arc not made, then the error may exceed 
60 calories. Refer also to the books listed on p. 510. 


Esaiaples ol Duplicate Determinations (a, b) are given below ; 


Weight of coal (after corwetioa for moisture) 
Initial femperoture of water in ® C. 

Maximum iempeTOlute of water in ® C. 

Weight of svater in calorimeter in grm. 

IVater equivalent of apparatus In gnn. 

Then the calorific value from (a) 

(2500 + 712) X (20-74 — 18*01) 

0-8185 ” 

and from (b) the value « 

( 2500 -f 712) X (20-07 — 18*88) ^ 
0-7938 *“ 

Therefore, meaa colorific value «* 


. 0-81S5 0-T038 

. 18-01 18 

. 20-74 20-67 

. 2500 S500 

732 712 


7220 calories. 


73-15 calories. 
7235 calories. 


Note, These two results ate in good ogi«meot, but it must he 
that both are uncotxected for cobTiog losses and that both may tnerefore 
comparatively inaccurate. 


EVALUATION OF FERTILISERS 

The value of a manure depends almost entirely on the 
phosphorus, nitrogen and potassium ft contains, and methods lOf 
determination of these elements are dweribed below. Tlicse 
are to some extent based on the Fertilisers and Feeding Stuffs lieguUui 
(1932), Issued by the Ministry of Agriculture and Fisheries, and ‘r 
Jtegulations should be consulted for further detailed information. 
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Phosphatic Manures 

Most of the specimens of natural calcium piiosphate, ns well as the 
calcium phosphate present in bones, are insoluble in svaler, but when 
these substances are treated srith sulphuric acid, the insoluble tricalcium 
phosphate, Ca,(P 04 )j, which they contain is converted into soluble 
inonocalcium phosphate, Cnn 4 (PO|)j. The trentment of insoluble 
phosphates wtli sulphuric acid is carried out on n large scale by manure 
manufacturers to produce the 'soluble phosphate or “ superphosphate ” of 
commerce. “ Superphosphate *’ accordingly consists essentially of 
monocalcium orthophosphate, hut it also contains trying proportions of 
free phosphoric acid, tricalcium phosphate, dicalcium pliosplmle, calcium 
sulphate and compounds of iron, aluminium, magnesium, and the alkali 
metals, and organic matter is also asually present. 

Basic slag or Tliomas’ phosphate is another common manure. This 
material is produced in the making of steel hy the basic open»hearth or 
basic Bessemer processes. A layer of lime is spread over the molten 
pig-iron, and during the process the phosphorus present is oxidised and 
combines with tlie lime. Considerable percentages of ferric oxide and 
silica are also formed. The chcmistij' of the basic-slag compounds is 
extremely complicated, hut it would appear that there is never very 
much Caj^PO,), present. A considerable proportion of tlie phosphorus 
appears to be combInc<l as the complex compound Cn,(P 04 )|-CaSi 0 j. 
This compound, like much of the phosphorus in basic slag, is soluble in 
citric acid, while ordinary’ tricalcuun phosphate is not soluble. 

Phosphorus in manures is generally classed ns : 

1. Water-soluble. Cnn4(P04)„ HjPO*. 

2. Ammonium citrate-soluble or “rcducc<l.” CnHPOi.FcPO*, AIPO 4 . 

«). Insoluble. Caj(P 04 )}. 

As it is considered tliat the water-soluble phosphate is about tlwicc as 
\uluablc as the Insoluble phosphate, and that the citmte-solublc phosphate 
is inferior to the soluble, but mtich superior to the insoluble phosphate, 
the nnalj’st Is renuired to distinguish l*ctwccn the three tji>cs. 

Preparation ol the Sample lor Analysis. A portion of the sample must 
l)c cruslicd and passed tlirovigli a sieve with holes 1 mm. square. During 
tilts process the watcr-content of tlie material srill probably change and 
tlicrcforc the moistiirc in this sample and in the uncruslicd portion must be 
dctorminccl. All calculations must l>c referred to the original coarse 
manure. 

Moisture. Weigli out accurately about 8 grm. of the material in a pair 
of watch-glasses fitted with a clip (I’lg. 7, p. H). Heat at 100° C. to 
etuistnnl weight ; five hours may l>e rcquirwl. 

Water-Soluble Phosphate. Weigh out acCTjmtcly nbout 20 grm. of the 
line sample into u litre flask and shake continuously for thirty minutes 
Avith ROOml.ofAMiler, In n meclmnteal (.liaker. Dilute to 1 litre srilh svater, 
mix and filter. 

7’ake 50 ml„ or a smaller S'oltime, of the filtrate, wfiiVh sfiouf(| 
preferobly contain 0 1 to 0 0 gnu. of and must not contain more 
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that basic slag often contains a high pereentage of calcium, while in guano the 
percentage may be low. Table VII., p. 494.) CoUect the precipitate and wash it. 
Weigh the calcium as oxide or titrate it with potassium permanganate {pp. 70 
and ISS), 

”■" ■ ’.e calcium 

' : ■ ' , Proceed 

inn >>,1 A. 1 ,• •! 


.seldom of consequence. The sulphate may be determined in a portion of the 
filtrate from the iron and aluminium. 


^*.11..^ -pt 

proceed os described below. 


Nitrogenous Manures 

The nitrogen in nitrogenous manures may be of three kinds, organic, 
ammoniacal, and “ nitric ’* (NO^) ; it is customary to determine these 
separately, and the method to be employed varies accordingly. Whatever 
method is used, a blank on 1 grm. of pure cane sugar and the same quantity 
of reagents must be run in parallel with the determination. 

Total Nitrogen. The Kjeldahl method (p. 435) is used. The nitric 
nitrogen is reduced by heating with salicylic acid or phenol, followed by 
sodium thiosulphate or zinc dust. 

Take a suitable weight of the sample in a Kjeldahl flask and add 
8 ml. of concentrated sulphuric acid conteining 1 grm. of salicylic acid 
or of phenol. Start shaldng the flask immediately and ‘continue for ten 
minutes ; the flask must be kept cool. After ten minues, add 10 grm. 
of anhydrous potassium or sodium sulphate and either 5 grm. of sodium 
thiosulphate crystals or 2 grm. of zinc dust. Add a crystal of copper 
sulphate to accelerate the’reaction and heat until the colour of the solution 
ceases to fade. After that, continue the heating for one hour. Expel the 
ammonia, and determine it as is directed on p. 133. 

Ammoniacal Nitrogen. In the absence of organic nitrogen, weigh out 
a portion of the manure into a standard flask. Shake up with water and 
dilute to the mark. Determine the ammonia in a suitable volume of this 
solution by the method given on p. 133. 

In the presence of organic nitrogen, weigh out a portion of sample into 
a distillation-flask. 'Add 200 ml. of water and 5 grm. of magnesium 
oxide, which must be free from carbonates. Distil the ammonia into 
standard acid and determine it in the usual ^vay. Organic nitrogen is 
not decomposed by magnesia, but sodium or potassium hydroxide will 
wholly or partly decompose it. 

Nitrate and A mm oniacal Nitrogen. In the absence of organic matter, 
^ the nitrate with Devarda’s alloy and determine the total ammonia 
j (PP’ 84 and 133). 



■NITWQEN0U8 MANURES 


331 


Alternatively, dissolve 10 grm. of the fertiliser in water and dilute to 
500 ml. Take 50 ml. of this solution in a 500-ml. ‘conical flask, which is 
closed by a rubber stopper which carries a thistle funnel half-filled with 
glass beads. Add 10 grm. of “ reduced iron ” (sold as FerruiA Reductum) 
and 20 ml. of sulphuric acid (sp. gr. 1*35). ^Mien all efferv’escence has 
ceased, boil for five minutes, wash down the beads, and boil the solution 
for a further three minutes. Distil with sodium hydroxide. 

In the presence of organic nitrogen, use the method described 
immediately above, but distil Avith magnesium oxide, 

O^anic and Ammoniacal Nitrogen. In the absence of nitric nitrogen, 
add 25 ml. of concentrated sulphuric acid to the weighed sample in a 
Kjeldahl flask. Heat gently until frothing ceases. Add 10 grm. of 
anhydrous sodium or potassium sulpliate and a crystal of copper sulphate. 
Heat until the colour remains unchanged, and after that for one hour. 
Distil with sodium hydroxide. 

Potash Manures 

Potassium. Preparation of Solution. The methods laid down by the 
Sllmstrj’ of Agriculture and Fisheries are os follows ; 

In the absence of sulphate, phosphate, iron, etc., take a weighed portion 
of the sample containing 1-5 to 2 grm. of KjO. Dissolve it in water, filter 
if necessary, and make up the solution to 500 ml. Determine the potassium 
in 50 ml. of this standard solution by the perchlorate method (sec below). 

In the presence of sulphate, but in the absence of phosphate, iron, etc., 
the standard solution for analysis is to be prepared as follows : As before, 
take a portion containing 1<5 to 2 grm. of K^O. Boil it with 800 ml. of 
water and 20 ml. of concentrate*! hydrochloric acid, and to the boiling 
solution add a solution of barium chloride dropwise until all the sulphate 
radical has been precipitated. Cool, and dilute to 500 ml. Filter, and 
take 50 ml. of the filtrate. Evaporate this portion to diymcss. Cool. 
Add concentrated hydrochloric acid and again evaporate to diymess. 
Dissolve the residue in a little dilute hydrochloric acid, filtering if necessary, 
and determine the potassium in it by the perchlorate method. 

For the determination of tlie polassiura in guanos, or in other manures 
containing phosphate, iron, etc., take .10 grm. of the sample and ignite 
gently to remove organic matter. Heat the residue for ten minutes with 
10 ml. of concentrated hydrochloric acid and then odd 800 ml. of water 
and boil. Filter, and add powdered, solid barium hydroxide to the boiling 
filtrate until the liquid is slightly alkaline. Cool, and make up to 500 ml. 
Filter again. Take half this filtmtc and add ammonia and ammonium 
carbonate to it in excess. Raise the liquid to its boiling-point, and add 
powdered, solid ammonium oxalate in excess. Cool. JIake up to 500 ml. 
and filter. 

Take 100 ml. of this solution in a porcelain dish, and e\’aporate the 
liquid to dryness. Heat the solid residue in the dish gently (never above 
low redness) until all the ammonium salts have disappeared. Cool. 
Moisten the residue with concentrated hydrochloric acid and again 
e\-aporate to dr^mess. Extract the soluble portion with dilute hydrochloric 
acid, and filter. 
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Precipitation) o! the Potassium as Perchlorate. The solutiou, prepared 
by one of the processes described above, is placed in a small basin. To it 
add 7 ml. of 20 per cedt. perchloric acid (sp. gr. 1-125), and heat the 
liquid on a hotplate or sand-bath until ivlilte fumes are evolved copiously. 
Cool somewhat, and dissolve the precipitate in liot water. Add a few drops 
of the perchloric acid and concentrate the solution again. Cool, and 
proceed as described on p. 82. 

Note. For the determination of potassium in guano and other complex 
manuTts, the modi&ed cbloropJatinate method, though uaotneial. Is to be pre- 


salts are extracted witfi dilute hydrochloric acid and the solution, after filtering, 
is ready for treatment with clUoroplatlnlc acid. The precipitated potassium 


Other Fertilisers 

Free Acid in Ammoniom Sulphate. Dissolve 20 grm. of the salt in 
50 ml. of water. Filter. Dilute the solution to about 250 ml. with u-nter 
and titrate with decinormal sodium hydroxide using 2 or 8 drops of an 
aqueous 006 per cent, solution of methyl orange os indicator. 

Lime in Burnt Lime and in Hydrated Lime. Grind the sample rapidly 
and pass it through a sieve in which tlm holes are approximately 0-2 mm. 
square. Transfer 5 grm. to n stoppered bottle of 3 litre capacity. Add 
10 ml. of alcohol and 400 ml. of a 10 per cent, solution of cane sugar, and 
shake the bottle mechanically for four hours. The alcohol and the sugar 
solution must first be tested to ensure that tliey are neutral to phenol- 
plithalein, and their acidity must be adjusted if necessary. 

Filter the solution through dry paper into a dry vessel, and titrate 
50 ml. of the filtrate u’ith seramormal hydrochloric nckl, iidng 
phenolphthnicin as indicator. 

Calcitiin Carbonate in Ground Chalk, Limestone and Carbonate. Add 
dilute hydrochloric acid to a weighed quantity of the sample until there 
is no further efier\’escence. Filter the solution and wash the residue. 
If iron, aluminium and other interfer/ng elements arc present in the 
solution, they must be removed (pp. 270 and 271). Precipitate the 
calcium in the filtrate as calcium oxalate and weigh it as calcium oxide 
(P. 70). 

Determine tl»e weight of carbon dioxide evolved ivhen a weighed quantity 
of the sample is treated with dilute hydrochloric acid (p. 70). - 

The percentage of calcium carbonate in the material is calculatc'd both 
from tile calcium and from the carbon dioxide content ; the smaller 
percentage is returned. 

EVALUATION OF TANNING MAIERIALS 

The determination of tannin in natural tanning matcri.als is complicated 
by the facts that there is often present in the same substance a mixture 
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of different tannins ; nnd that other compounds Tvhich affect the accuracy 
of the determination are alwaj-s present. No method gives results of 
scientific accuracj', but two methods which are employed for technical 
purposes arc described below. 

In the first of these, a grardmetric mctliod, the tannin in tJie water- 
extract of a known weight of the tanning material combines with hide- 
powder which has undergone a preliminarj' treatment of “ chroming.” 
It is necessary for this purpose to evaporate a portion of the extract or 
infusion of the tanning material and to determine the total amount of 
matter in solution ; then to remove by hide-powder the tannin from 
another portion of the extract and again to determine the matter in 
solution ; tlie loss of weight is due to tlie removal of tlic tannin by the 
hidc-powder and hence the amount of the tannin can he estimated. 

The following results were obtained from four samples of oak-wood 
extract ; 


Percentage of 

A 

B 

C 

D 

Total soluble matter 

41-3 

35 0 

37-8 

3S 1 

Soluble non-tanning matter . 

I4I 

4-7 

14 0 

48 

Soluble tanning matter . 

27 2 

30 3 

23 8 

33-3 


This mctliod is the more suitable for the tanner, since it estimates 
directly the amount of tannin which is involved in tanning a skin. It 
is generally adopted for the evaluation of tanning materials, and is the 
officially-recognised method of the International Society of Leather 
Trades’ Chemists. 

The other method, proposed by Lowcnthal, estimates the tannin by 
its reducing effect under suitable conditions upon standard potassium 
permanganate solution. It is of limited value nnd is now mainly employed 
for the control of tannerj' liquors. 


General Directions for the Preparation of the Extract or Solntion. The 
tanning material is cither supplied in Its natural state ; or the soluble 
matter is supplied either as a liquid extract, or as " solid extract,” which is 
the solid residue remaining after the water-extract has been evaporated. 

The infusion of the tanning material, which is to be used for the hide- 
powder process, miist contain as nearly as possible 4 grm. of tanning 
matter per litre, and not less tlian 3*5 nor more than 4-5 grm. The weights 
of different tanning matermls to be cxtraolcd by a litre of water, or to he 
diluted to a litre, in order to obtain an infusion of suitable concentration, 
arc tabulated below ; 


Uarks, etc. 

(Jrm. 


Algarobilln . . . 8-9 

Cnnaigrc . . 15-16 

Divl-divi .... 9 

Ilcmlock-hark . . . 32-30 

Mimosa-bark . . . 11 

MjTobalans ... 15 

Oak-bark .... 30-30 


Extracts. 

Grm. 

Oalir\TOod,Bp.gr.I-2orovcr . 10-18 

Chestnut (liquid). . . 14 

Chestnut (solid) ... 7 

Quebracho (solid) . . G 

Quebracho (liquid) . . O -13 

Mimosa D . . . IO -12 

Gamlder (block) . . 12-1 1 
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Baiiks, etc. 


Grm. 

Oak-wood . . . ^ . CO-100 

Quebracho-wood . ~ . 20-22 

Sumach .... IC-IC 
Pistacia-lentiscus . , 20-22 

Pine-bark .... 32 

Willow-bark ... 30 

Chestnut-wood '. . , 45 

Mangro'S’e-bark ... 10 

Valonia .... 14-15 

Valonia-beard . . . 10-H 

Spent tans .... CO-100 


Extracts. 


Gnn. 

Gatnbicr (cube) ... 7 

Mangrove (liquid) , . 0 

Mangrove (solid) . . 7 

Cutcli .... 7 

Myrobalans (liquid) . . IC 

Hemlock .... 10-14 

Pine-bark .... 10 


A Notnral Solid Tanning Material must first be well sampled and then 
suitably broken up and ground until It >viJI pass through a ^vire sieve of 
6 strands per centimetre. The soluble matter is then removed Jrom a 
suitable quantity (see Table above) in a Procter extractor (see below) by 
treatment ^rith 500 ml. of water at a temperature not exceeding 50“ C., 
and the extraction is continued with boiling water until the filtrate amounts 
to 1 litre. The best temperature for extraction differs materially with 
different samples. Wlien this temperature is not known, it is generally 
best to begin at about 35“ C., and then to raise tlie temperature to 100® C, 
as the operation proceeds. It is desirable to allow the moteriol to soak for 
some hours before the percolation commences, and, in order to extract tlie 
maximum amount of tannin, the percolation should take not less than 
three hours. Any soluble matter remaining in the material is neglected, 
or is reported separately as “didlcullly soluble” matter. Tlie volume of 
cold liquid in the flask is made up accurately to 1 
litre. 

A Liquid Extract is weighed in a basin or beaker 
and is washed with boiiing distilled wafer into a litre 
flask 5 the flask is then filled up to the mark with 
boiling water, well mixed, and rapidly cooled to a 
temperature of J7-5®C., and the contents are accu- 
rately made up to the mark, again well mixed, and 
filtered ifneccssaryns is directed bcloAv. Sumach and 
myrobalans extracts should be dissolved 
temperature. ^ 

A Solid Extract is dissolved by _ 
beaker with ■ • ’ ■ ‘of 

The soluble por*‘ ' .J into 

the undissolvcd it has 

treated with *■ ’ ' ib *»' 

the whole of * 

treatment of 
liquid extract. 

The Procter 
solid tanning ■ 

Fig. 108. The • 
vessel. An ordinary thistle funnel ^ 
scr\*es as a siphon to draw 



Fm. 108. Procter 
Extractor. 
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funnel has muslin tied over it and h placed on the bottom of the beaker, 
and the funnel is held in position a clamp. A layer of dry sand, 
which has l>een purified by treatment >yith hydrochloric acid followed 
by thorough washing with ^vater, is poured upon the bottom of the 
beaker to a depth of 2 cm. so as to cover the mouth of the funnel. The 
prepared and dried tanning material is mixed with the Avater in which it is 
to be digested and the liquid poured over the sand. 

After the digestion wth water has continued at the ordinary temperature 
for some hours, conveniently overnight, the extract is siphoned over. 
This is accomplished by attaching a narrow glass tube about 15 cm. long 
to the arm of the funnel by means of a short piece of narrow rubber tube 
provided mth a pinch clamp (A). The tube is filled by suction, and the 
clear extract, as it siphons over, is collected in a flask. The extraction of 
the tanning material is finished by pouring successive quantities of fresh 
\vater into the beaker and siphoning them over. IVlien 500 ml. have been 
collected, the beaker is immersed in a boiling water-bath. The process is 
complete when 1,000 ml. have been collected in three hours, the liquid 
passing over at the rate of about 5 ml. per minute. 

Filtration. Solutions of tanning materials frequently become turbid 
on cooling even if they were clear while liot, and they must be filtered 
carefully, usually by passing them through a special Berkefeld candle-filter 
connected to a vacuum-pump. After the vacuum has been formed in the 
flask, the connection between it and the pump must be closed in order 
to minimise loss of liquid by e\’aporation. At least 200 to 300 ml. of the 
first part of the filtrate, more If necessary, should be rejected in order to 
obtain an absolutely clear and bnlliant filtrate. The infusion must be 
optically clear ; it must not be merely transparent, but must show no 
opalescence when the vessel is placed on black paper in a good light. If 
necessary, the solution must be filtered several times. 

“Total Soluble ” Matter. Fifty millilitres of the filtered infusion are 
measured into o weighed flat-bottomed porcelain, glass or platinum dish, 
of diameter of not less than 0-5 cm. The liquid is evaporated to dryness on . 
a water-bath and the residue Is heated in a vacuum-oven at 100® C. or in 
a steam-oven until it is constant in w'cight. The dish is subsequently 
cooled in a desiccator over calcium chloride for twenty minutes and 
weighed. Weighing should be carried out rapidly to avoid absorption of 
moisture. 

The weight of the residue multiplied by 20 gives the “ total soluble ” 
matter derived from the tanning material taken for extraction, and hence 
the percentage can be calculatc<l. 

Note. To determine the “ total solids,” of a uniformly turbid solution, it is 
convenient to draw off 50 ml. of the wcU-mixed nnd unliltercd solution with a 

pipette. ' T' ■ ■ ; 

residue ol ' . • 

material t ! - . . 

taken gives the “ moisture content.” 

Correction for AbwrpHoti of Tantun-^Iallcr by the Filler is not needed for the 
Hcrkefeld csindlc, or for a Whatman No. 11 flltcr-paper, if from 250 to 300 ml. 
of the filtrate are rejected. 

Preparation o! the Hide-powder by “ Chroming.” The hkle-powdcr 
should be of woolly texture nnd should conform to the following test : 
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Not more than 5 ml. or less tlian. 2*5 ml. of a 0*1 N. solution of NnOII or 
KOH should be require to produce a permanent pink colour vritli 
phenolphthalein when added to C*5 grm. of the dry powder, suspended in 
■water. If the acidity does not fall within these limits, it must be adjusted, 
before “chroming,” by soaking the powder for twenty minutes in from 
ten to twelve times its weight of water, to which the caleulated quantitj' 
of standard alkali or acid has been added. 

The hide*powdcr must not swell during the “ chroming ” process to 
such an extent as to render difficult the pressing operation described 
below, and it must be nearly free from soluble organic matter. During 
the determination of a tannin, the weight of soluble organic matter, 
which can be extracted from tlie chromed powder by each 100 ml. of 
tannin solution, should not exceed 5 milligrams. This may be determined 
by carrjdng out a blank experiment, using distilled -water in place of the 
tannin extract (Note 1). 

The hide*powder should be alr*dried before it is used, and its moisture 
content is first determined j this will remain practicaUy constant if the 
powder is kept in an air-tight vessel. Tliat weight of hide-powder which 
corresponds mth G-5 grm. of the dry powder is then taken and wetted 
with approximately ten times its weight of distilled water. . 

hleanwhile a solution of basic chromium chloride is made by dissolving 
2 grm. of crystallised chromic chloride (CrClj.CHjO) in water and adding 
11'25 ml. of normal sodium carbonate solution: this clianges half the 
chromic chloride Into chromitun hydroxide, Cr(OH) 3 , which remains in 
solution in the excess of CrClj. Tlie total volume of solution so made will 
“ chrome ” 100 grm. of dry ludc*powder. The calculated volume of the 
basic chromic chloride solution for 0*5 grm. of dry powder is added to the 
suspension of hide-powder in crater, and the whole is mixed by churning 
slowly for an hour. 

At the end of an hour the wet hide-powder is squeezM in linen to 
free it so far as possible from the residual liquor, nnd it is then ■washed 
repeatedly with distilled water and squeezed until the addition of a drop 
of 10 per cent. KjCrO* solution and 2 drops of dccinormal AgNOj solution 
to SO ml. of the last filtrate produces a brick-red coloration. Four or fn’C 
squeezings arc usually sufficient, but more may be necessary. Such a 
filtrate cannot contain more than 0 001 grm. of NaCl in 100 ml. The 
powder is then squeezed in a press until it contains from 70 to 75 per cent, 
of water, and it is then weighed. 

Procedure. Tiic detannisation of part of the tannin extract is effected 
by weighing out that quantity (Q) of the chromed powder which contains 
C-5 grm. of the dry powder ; this is added immediately (Note 3) to 100 ml. 
of the unfiltcrcd tannin infusion, together ivith (2G'5 — Q) 
of distilled water and 1 grm. of kaolin freed from soluble matter, "nie 
addition of tbis volume of water dilutes the original 100 ml. of infusion 
to 120 ml. The whole is agitated for fifteen minutes in a corked bottle. 
If a rotating frome is used, tlie bottle should rotate not less than sixtj 
times per minute, but any satisfactory method of vigorous shaking can be 
adopted. The contents ore then squeezed immediately through 
stirred and filtered through a folded filter-paper of sufficient size to hoi 
the entire flllrate ; the filtrate Is returned to the filter repeatedly unti 



TANNIN nr PERMANQANATN 


337 


it is clear, aiul GO ml. arc then cva|)oratcti to drj’ncss by the mctluxl 
(IcscriliCil on p. G35, the wciRht of the dried residue bcinj» determined. 

Tilts gives the weight of residue obtained from 50 ml. of the orJgin.Tl 
infusion after rcmo\-ai of the tannins, ix., the weight of “ non-tannins.” 
The difTcrcncc between this weight and the weight of “total soluble” 
matter obtained on evaporation of 50 ml. of tlic filtered infusion (p. 335) 
gives the weight of “tannins” in 60 ml. of infusion. From this the 
percentage weight of tannins in the sample of tanning material can be 
calculateil. 

liOte 1. Ilide-powdcr, which has been tested by a special committee of tlie 
Inlematlonal Society of Leather Trades* Clictnisls, is obtainable. 

2. In laboratories where an.-ilj'ses arc continually being made, it fa more 
convenient to kcep'n JO per cent, stock solution of the chroming liquid. Tlifa 

• *■■ * i litre 

■ • verj' 

■ with 

Id be 

used for 100 grm., or 1-3 ml, for C 5 gtm. of llic dr>* powder. 

h’ole 3. The moist hidc-pQ'vdcr sliould not be kept for more tlian a few hours 
before it li useil. If the nori-tannln filtrate gives n turbidity when It fa mixed 
with ft drop of ft solution containing 1 per cent, of gelatin and 10 per cent, of 
salt, further hide-powder fa nccessarj*. 

TbQ Afi&lrtis ot Used Liqdors and ot Spent Tans should be made by Uic tame 
methods as are employ'd for fresh tanning mnterfafa, the liquors or infusions 
}>elng either diluted, or concentrated by boiling t'n vaaio or In n scssci to SThlclt 
ncccss of air fa restricted, until the amount^of “ tanning matter ” fa preferably 
between 3'5 tind 4-5 grm per litre; however, in no cise must tlic nmount of 
“ total solids " present exceed 10 gnu. per litre. 

The Lowenlhal or Pcnnanganalc Method. This method enn only l>e 
used for comparing the rehitivc tniming.s’nlucs of different specimens 
of the <amc tnnnlng inalcrinl ; It is useless for comparing the relative 
Innnlng-S'alucs of dirfcrcnl kinds of tanning materials. 

Potassium permanganate solution Is readily reduced by n solution 
of tannin, niul the rclallsx reducing |>owcrH of the dilfercnt NTiriclics of 
tannin have l>ccn determined. Acctmllngly if the tannin, free from otlier 
oxidisatilc matter, could be cxlraclesl from the tanning material, the 
nmount present could be readily dctemiincd by titrating the extract with 
standard pcnnanganalc solution. An extract of n tanning material, 
however, in\‘jirial)ly contains other substances, licsidcs tannin, which 
reduce permangnuate. Hence it Is ncccs.s.irj* first to titrate a portion of 
the exlmcl with ix‘nnanpinntc,nnd then to titrate n second port ion of the 
extract from which the tannin has been mnoveti. The differenee between 
the smlumes of ivnnanganatc solution which arc required in the two 
titrations represents the vohimc of the pennanganate solution which has 
l)ccn rcquircil for the oxidation of the tannin. 

In onlcr to limit and make definite the oxidising action of the 
permanganate on the oxidi-ahlc matter, a knowai volume of Indigo- 
c:innine fcoltilion fa nddcil to tlic rxlracl, fol!owe«l hy the permanganate 
solution, until the hlue colour of the liquid changes to n clear vellow, 
nic follosTing snhitlnns are reqiiiml for the I^iwentlial mct*ho<l • 

(<i) .S7ufuf(»rrf /’oMsriwm /‘rrmungun/ife Solution. Half a gramme of 
purr jK-rin.nng'inate fa <livv>l\r»l in srntcr nn<l the dilution fa dilutetl to 
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1 litre ; if many titrations have to he made, it is better to dilute lOo ml. 
of 0 solution containing 5 grm. per litre, as required. 

(&) Solution of Pure Indigo-Carmine. This is prepared by dissolving. 
5 grm. of pure, dry sodium or potassium sulphini’gotate (Carminum 
CiErul. opt.) in distDIed water ; SO grm. of pure sulphuric acid are added, 
the solution is diluted to I litre, and is filtered if necessarj'. 

(c) A Solution of Gelatin is made by allowing 2 grm. of thin sheets 
of the purest gelatin to soak in cold distilled water for a few minutes. 
Tile washing water is rejected and the gelatin finally dissolved by heating 
it upon a water-bath with enough crater to make up the solution to about 
100 ml. This solution should be made shortly before it is required for use, 
since it may deteriorate on keeping- 

id) Kaolin, purified by powdering and washing. 

(c) Sodium Chloride Solution. A saturated solution containing 60 ml. 
of concentrated sulphuric acid per litre. 

Procedure. A sample of sumach is evaluated as follows : First, the 
actual tannin-value of the permanpmate solution is determined by 
titrating it %vith a solution of gallic acid under escactly the same conditions 
as those under which the tanning material is subsequently to be titrated. 
For this purpose, a solution of 0*1 grm. of pure, crystallised gallic acid in 
100 ml. of ^vatcr is used as a standard, and the amount of tannin to which 
1 grm. of gallic acid is equivalent is obtained from the Table on p. 340. 
In this particular case, 1 grm. of gallic acid is equivalent to 1*50 grm. of 
stunneh-tannin. 

About 760 ml. of distilled water are placed in a large beaker on a white 
tile, 25 ml. of the indigo solution (5) arc added, and the whole is titrated 
with the permanganate solution (a). About 25 to 30 ml. of the permanga- 
nate should be requited. The mean of two titrations is taken and gives 
the “ indigo value.” Tlie titration is repeated using 25 ml. of the indigo 
solution and 5 ml. of the standard gallic acid solution. The me.'in of two 
titrations is again taken, and, if the “ indigo value ” is subtracted from the 
result, the “ gallic acid value ” of the permanganate is obtained. 

An extract of from 15 to 1C grm. of sumach is prepared according to 
the directions given (p. 884), and 5 ml. of the filtrate, or less if necessary, 
are measured into a litre beaker, together with 25 ml. of the indigo 
solution (5), and 750 ml. of distilled water. The permanganate solution (a) 
is added from a burette until the blue colour of the solution begins to 
change to green. The addition must be made at o constant rate, and 
the liquids must be mixed well by vigorous stirring during the whole 
titration. 

As soon as a green tint appears, the permanganate is added much 
more slowly until the solution assumes a dirty greenish-yellow colour. 
It is best at thi.4 stage to allow the liquid to stand for a moment or riro, 
and then to odd the permanganate, 1 or 8 drops at a time, and to stir 
vigorously after each addition. This procedure is continued until the 
liquid in the beaker assumes a clear yellow colour. This titration should 
then be repented, and the two results ^hus obtained should not differ by 
more than 0*1 ml. The end-point is made more certain if the liquid from 
the first titration is kept, and care is taken that the tint finally obtained 
in subsequent titrations matches it exactly ; this ensures that all titrations 
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are carried to the same stage. A constant error may be introduced, but 
this Tvill not affect the final result. The titration can be made by artificial 
light diffused by passage through ground glass or tissue paper, but, as the 
end-point is slightly different with different forms of lighting, the whole 
of an analysis must be made under the same conditions of illumination. 
This titration corresponds with the total amount of oxidisable matter, 
both tannin and non-tannin, which is present in the sumach. 

It is now necessary to remove the tannin from a portion of the solution, 
in order to determine the non-tannin matter separately. For many 
purposes hide-powder, as is described under Detannisaiion on p. 330, 
may be used to remove the tannin ; but this may also be effected by 
means of gelatin, as is described below (see Note). 

Fifty millilitres of the original, filtered solution of the siunach arc 
introduced into a 100-ml. stoppered measuring-cylinder, 25 ml. of the 
gelatin solution (c) and 25 ml. of the acidified salt solution (c) are added, 
and the liquids are shaken well. A tcaspoonful of kaolin (d) is then added 
to facilitate the filtration, and the liquid is filtered. 

Ten millilitres of the filtrate, corresponding with 5 ml. of the original 
solution, are titrated witli the permanganate as is described above. Since 
the gelatin, in the presence of salt and sulphuric acid, precipitates the 
tannin-matter, it is evident that the difference between the result of this 
titration and of that already carried out on the untreated extract will 
give the amount of permanganate solution which has been reduced by 
the tannin-matter itself. From this result the percentage of tannin may be 
calculated as described below. 

The Following Precautions must he observed in the Ldwenthal Method. 

1. If the gelatin, kaolin, or salt, used to precipitate the tannin, contains 


are used in a titration. The mixture is made up to 100 ml., filtered, and 20 ml. 
of the filtrate arc titrated with the permanganate. If tlie volume of permanganate 
used exceeds by more than 0 1 ml. that required by the indigo solution alone, 
then one-half of this excess must be deducted from the result obtained by the 
titration of the oxidisable non-tannin matter, before this is subtracted from the 
result representing the total oxidisable matter present in the extract. 

2. The indigo solution in this method serves not only as an in^cator, but 
it also controls the oxidising action of the permanganate by keeping it within 
certain definite limits. In order to ensure a uniform limiting action, the volume 
of the permanganate solution which is used in a titration must never much 
exceed one and two-third times that wluch is required by the inigo alone ; 
if this quantity is exceeded, the tannin solution must either be diluted or a 
smaller volume of it miist be taken and the titration must be repeated. 

3. If the titrations are not carried out in a strictly parallel manner as regards 
stirring and rate of addition of the permanganate, comparable results cannot be 
obtained, since the procedure during titration considerably affects the ultimate 
result. 

Calcnlation for LSwenthal Analysis of Snmacb. Fifteen grammes of sumach 
per litre were used. Twenty-five ml. of the indigo solution with 2 5 ml. of 
the sumach infusion required in two titrations 41-35 and 41-25 ml. of perman- 
.•> ...1 fiv- — ’ «ndigo solution alone 

‘ required 14-C ml., 

! ' ’ " ' ' ■ ■ After detannking 

‘ ' ■■ I with 25 ml. of the 
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indigo solution and required 28*7 ml. of permangaaate. Accordingly 5 ml. 
of tne original sumach solution after detannising reqidred 28-7 “ 2G 7 =< 2 ml 
of permanganate, and hence JO ml. of'the original solution would Tcqiiire 4 ml 
Hie TOlume of the permanganate solution required for the tannin in 10 ml. is 
therefore 5S-4i — 40 = &4*4 ml. 

Similarly two 5*ml. portions of the gallic acid solution, which are together 
equal to 10 ml. of the 1 grm. per litre solution, required 19*4 ml. of the 
permanganate. Now 1 grm. of gwlic acid is shown by the Table below to be 
equiv'alent to 1*5 grm. of sirniach-tannin, and the gallic add solution Is tlicrefort 
equivalent to a solution contatuiag VS gnn. per litre of suiB.ich'taniJiQ. 
Accordingly. 

JO 4 ; 544 X ^ : 1-5 : 28 per cent. 


t.e., the sumach contained 28 per cent, of tannin. 


Noie. In the LOwcnthal method, shalang with chromed tiide-i>owder » 
generally to be preferred to precipitation with gelatin, since the results of 
former method agree more closely with those obtained by the gravimetric melbTO 
(p. 33C). The factor to be used in the calculation may be obtained from the 
Table below, but Ihb is more safely found by direct determination. 


Detemdnatioa o! the Absolute Percentage of any Potm of Tannin. If 
desired to determine the actual percentage by weight of any form of 
other than gallotannic acid, in a sample of tanning material by the 
method, it is necessary to standardise the permanganate solubon by tnc 
' grasimetrlo method already described (p. 83C). ^ 

Five ml, of the original extract are titrated as directed above j 0 nu.>^^* 
senting 5 ml. of the same extract after detannisation, arc also titrate^o w«ua 
the wnount of non*lanain matter present. Fifty ml. of the original estmet ana 
CO ml. of the filtrate from the hIde*powder are then evaporated separawyi 
and the residues are dried as directed and >veighed. Tlie actual weight oi toe 
tannin matter, srhich corresponds with the gallic acid eq^swlcnt or w* 
permanganate used, can then be calculated and a factor obtainw. . 

Thfa method is obviously convenient only when a number of 
similar tannin solutions are being made. In some cases the proTOttion o 
oxidisable non-tanning matter can be assumed to be constant, ana the tann 
strength of a liquor is then obtained by a single titration. 


Table of Average Factors for 

UaUUal 

Chestnut-wood tannin 

Oak-wood tannin 

Alyrobaians tannin 

Quebracho-wood tannin 

Valonia . , . . 

Sumach 

Oak-bark 

Miraosa-bark 

JIangrove-bark 

Gamoler cube . . . - 


LSwenthal’s Method 

Weight of taoBlnlo 

CTStzunes, 

to I gnn. of galUoa^^- 


1-05 

1-89 

1-73 

1-C9 

1-58 

1*50 

1-71 

I-8S 

1-lG 

1-75 

/ 


Average of all abos'c materials 
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with rich ores, the dry assay probably gives a better indication of the 
lead which can be extracted from the ore on a technical scale than does 
the more exact wet assay. l\Iost lead ores contain traces of silver, which 
can be determined more exactly by the dry assay than by any other 
method. 

Dry Assay ol Galena for Lead. The ore is reduced by heating it with 
iron and with a suitable flux, and the metallic lead thus separated is 
weighed. Either iron may be introduced into a clay crucible (a), or on 
iron crucible may be employed (6). 

PbS 4* Fc = FeS + Pb. 

(a) Assay of Galena in a Clay Crucible. Grind the sample of ore in a 
mortar until the whole of it passes through at least a B.S. 72*sicve. 

Weigh out 25 grm. of the ore, 25 grm. pf anhydrous sodium 
carbonate, 8 grm. of potassium hydrogen tartrate, and 4 grm. of 
borax, the latter being added to increase the fluidity of the flux and to 
protect the crucible from attack by the molten sodium carbonate. 

Resen’e one*fifth of the sodium carbonate ; mix the remainder with 
the ore and with the tartrate on a large sheet of paper or of American 
cloth by causing the various solids to run into each other by suitably 
manipulating the sheet. Continue the mixing until the mass Is uniform 
in colour, and then transfer It to the crucible. Wash off the paper ivith 
the reserved sodium carbonate, adding the residues to the crucible. Then 
add a layer of the borax as a seal. Double over a piece of clean hoop* 
iron, of such a length tha^when bent it ivill just fit into the closed crucible, 
into the form of a U, and place it in the mixture with the free ends 
downwards. Place the crucible low down in a dull-red fire, and cover it 
with a lid. 

Raise the temperature gradually and after twenty minutes, or when 
hubbies of gas are no longer coming away freely from the melt, grasp the 
hoop-iron with the tongs in such a way that the ends of the iron are 
not forced together, so trapping some lead, and stir the mixture -with it. 
Tap the tongs sharply against the side of the furnace to remove any lead 
which may be sticking to the iron, and withdraw the iron. 

Cover the crucible again and licat it more strongly for five minutes to 
render the slag more fluid. Remove the crucible from the furnace, swing 
it roimd two or three times to collect the lead into a globule, tap it on the 
floor, and pour the melt into a conical iron mould which has been very 
lightly dressed with oil. Wait until the lead has entirely solidified, a 
process which takes a surprisingly long time, and then turn the button 
out of the mould. Detach the slag by hammering it lightly on an anvil. 
The button should be hit on the edge, not on the flat, or the slag will be 
hammered into the metal. Most of the slag will be removed if the button 
is hammered into the shape of a hexagon. Tlien clean the button by 
warming it for some time in dilute sulphuric acid and, after the small 
pieces of slag have been loosened by the acid, by scrubbing it with a hard 
brush. Dry, weigh, and retain it for the determination of silver by 
cupellation. 

(ft) Assay in an Iron Cr^icible. Weighout25grm.ofthefinely-powdered 
ore, and mix them with 25 grm. of anhydrous sodium carbonate and 8 grm. 
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of crude tartar. Heat a scraped %vwught-iTon crucible to dull redness in 
a wind’furnace, remove the crucible, introduce the above mixture, and 
cover its surface with a sprinkling of borax. Cover the crucible with a lid, 
replace it in the furnace, and surround and cover it wth coke. 

Heat the crucible moderately for about twenty minutes, taking care not 
to let the temperature rise too high / then remove it from the furn.ace, and 
scrape down any slag adhering to the sides with an iron stirrer. Saving the 
crucible, tap it gently, and pour the molten mass into a smooth, conical, 
iron mould. Prepare the lead button for weighing as in (a) above. 

After the fused mass has been poured out, the internal surface of the 
crucible should be smooth and no globules of lead or of partly fused 
portions of slag should be seen adhering to the interior. The slag should 
be homogeneous, and should contain no particles of. lead or of 
undecomposed galena. Tlie mean of several assays should be taken. 
A WTOught-iron crucible will serve for from ten to twenty assays. 


Assay of Oxides of Lead. The dry assay of PbO or PbjO* may be made 
with the following reducing mixtures : 


For PbO. 

PbO . . .40 grm. 

NajCOj . . 80 „ 

Borax . . . 10 „ 

Flour . . ’ . 8 „ 


For PbsOj. 

PbjO* . 

Na,CO, - 

Borax 

Flour 


40 grm. 
30 „ 

10 „ 
10 „ 


The Oour is a convenient source of flnely-dlvided carbon. ^ ' 

The mixture is fused In a clay crucible in a wind*furnace, avoiding too 
high a temperature which might cause loss oMcad by volatilisation. 

The temperature is raised slowly and maintained at a dull-ied heat 
for twenty minutes. The crucible is then heated to a somewhat higher 
temperature for five minutes to render the slag more fluid. The crucible 
is withdraivn, swung, tapped and poured, and the button of lead is cleaned 
in the same way as described under (a). 

The weight of silver present in the lead oxide may be found by 
cupelling this button. This must be kno'\Tn when the oxide is used in the 
assaying of silver and gold. 


Assay of Carbonate of Lead. Weigh out so ^ 
material. IVIix them with 20 grm. of sodium 
of tartar (potassium hydrogen tartrate), * 
powdered charcoal ; place the mixture in a 
and proceed as is described on 841. 


vC 

for 

The lead containing 

1 • 

bone ash, bauxite, or 


cupel, and is heated '■ 

. 

products of 

from 

current of air can be r 

The 

converted into oxide. 


the cupel. The silver 


• V which is ' * 



finely-powdered 
grm. of cream 
of finely- 
. clay 


,1 

known ■ 
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Scoriflcation. When the silver content of the -lead is small, or if for 
any other reason the quantity of lead to be assayed is large, the weight 
of that metal must be reduced before cupellation. The process of 
scoriflcation is used. A scorifier is a small, shallow dish of fireclay. 

The scorifier is heated to bright redness in a muffle, from which the 
spent gases are excluded and which is so arranged that a steady stream 
of air is pulled over the dish. \Vhen the dish is hot, the lead is dropped 
into it. The lead melts at once and oxidises to PbO, which is liquid at 
the temperature used. This litharge attacks the silica of the scorifier to 
some extent and the lead silicate renders the slag more fluid. 

When only about 20 grm. of metallic lead remain, the slag may be* 
cleaned by placing on its surface 0*2 grm. of powdered charcoal wrapped 
in tissue paper. A small quantity of lead silicate is thus reduced and 
the globules of lead formed collect any silver present in the slag and 
carry it to the main mass of metal. Such silver is usually so minute iri- 
quantity that this step can be safely omitted. The contents of the scorifier 
are then poured into a button-mould. When the lead, which should weigh 
about 20 grra., is quite solid, the button is cleaned by gentle hammering. 
It contains all the silver originally present in the sample of lead and is 
ready for cxipellation. , 

The Process of Cupwlation. The weight of the cupels used, if they 
are of bone ash, should be at least 1 J times the weight of the lead button. 
Cupels of other material are generally less absorbent than those of bone 
ash. 

Place the cupels in the muffle and maintoin them at a bright red heat 
for at least a quarter of an hour to drive off moisture and to prepare 
them for the lead. They should be so nearly at the temperature of the 
muffle that they are difficult to see. Drop the button of lead into the 
heated cupel by means of the assay tongs, and close the muffle door. A 
black crust will form on the surfece of the lead, but this will disappear in 
a short time, leaving the button brighter than the cupel. If this “ clearing ” 
does not take place, drop a little powdered charcoal,- wrapped in tissue- 
paper, into the cupel and raise the temperature of the muffle. If the 
“ clearing ” does not now appear, start with a fresh button, and use a 
higher temperature. 

As soon as the button is “ clear,” reduce the draught of the furnace, 
and allow a little air to enter by the muffle^ door ; also let the 
temperature fall somewhat, since the temperature at starting is higher 
than is needed during the oxidation of the lead, and might volatilise some 
of the silver. Towards the end of the process, raise the temperature again 
by closing the muffle door and increasing the drauglit. 

The final stage is easily recognised, since the thin layer of oxide is 
reduced to a film producing iridescent colours, and these suddenly 
disappear when the operation is finished. The sudden dulling of these 
colours is kno^Tn as the ” opening of the eye of the button.” 

Remove the cupel from the muffle, and allow it to cool (Note ) ; then 
the globule of silver suddenly glows and solidifies. Detach the bead and 
clean it with a hard brush. Weigh the bead carefully on a very delicate 
balance, and calculate the weight of silver present in the lead, stating the 
result in ounces troy per ton of lead. 

In exact analysis, repeat the cupellation, running the assay against a 



GENERAL QUANTITATIVE ANALYSIS 


344 

blank consisting of a similar ■weight of silver-free lead to which a piece of 
silver foil of suitable and known weight has been added. ^ 

Silver in Silver Plate. Silver plate usually contains about 02-5 per 
cent, of silver, the remainder being copper. \Veigh out very accurately, 
preferably by the method of “ swings,” about 0-5 grm. of the plate, and 
>vrap it in 2*5 to 3 grm. of silver-free lead foil. The foil should be folded 
as a filter-paper is folded, the plate dropped in, and a neat, compact packet 
made which can be dropped into the hot cupel quite easily. 

Calculate the probable weight of silver and copper in the sample, 
assuming that the plate contains 92-5 per cent, of ^ver, and weigh out 
these quantities of the pure metals for a blank. Wrap them in a piece 
of lead foil equal in weight to that used in the assay. 

Meanwhile the cupels should have been brushed to remove dust and 
should be heating in the muffle. When they are hot enough, drop the 
assay and the blank into two cupels placed side by side and burn off the 
lead. The lead oxide carries the copper with it into the cupel. The 
correct temperature can only be learned by experience ; it is almost, as 
bad to have it too high as too low. Ideally the furnace should be very 
hot at the start, should be cooled very considerably when the lead is 
burning, and should be raised just above the melting-point of silver 
(960* C.) at the end. 

■When ‘‘ the eyes of the buttons hove opened,” the cupels ore 
withdrawn from the furnace and are covered at once •with other red-hot, 
cupels. Thus the silver cools slowly. Molten silver absorbs oxygen, 
which is given off when the metal cools. If the cooling is fast,.this may 
shatter the button } the silver “ spits.” ^Vhen the cupels are quite cold, 
the beads are detached, squeezed in the jaws of a pair of pliers to detach 
any bone ash, brushed with a hard brush, and weighed under the same 
conditions as the original metals were weighed. 

The blank mil he found to have lost a little silver. It is easy to calculate 
from this loss how much silver the plate will have lost, and therefore 
how much silver was originally present in the plate. Express the fineness 
of the plate in parts per thousand. 

Dry Assay of Gold Quartz 

Since the amount of gold in gold ores rarely exceeds 2 ounces per ton, 
and is usually much less than this, it is necessary to extract the metal with 
great care. The process is divided into three parts. 

(1) The ore is heated ■with lead oxide and a flux, and the lead thus 

produced extracts the gold and silver from the ore. 

(2) The lead button is cupelled, and the silver and gold are left on 

the cupel. 

(8) Tlie gold is “ parted ” from the silver by dissolving out the latter 
with nitric acid. 

Concentration of the Gold. Powder th'e ore and pass it through a fine 
sieve. Nothing coarser than a B.S. lOO^icve should be used, and in the 
case of non.uniform ores it will be necessary to use a 2J0-me8h. Weigh 
out 60 grm. of the powdered ore, or 100 grm. If the ore is a poor one, or 
32-07 grm. for one ‘‘assay ton” nnd mix this Intimately with the flux. 
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The composition of a suitable flux for each of the three stated quantities 
of ore is given belonr in grammes. ' 


Quartz ore . 


50 

100 

Red lead 


40 

40 

NajCO, 


75 

125 

Borax 


15 

25 

Flour . 


4-5 

4-5 

Charcoal 


. 1-5 

1-5 


Glass powder may also be added during the mixing, if it is necessary 
to increase the fluidity of the melt before “ pouring.” 

Transfer the mixture to a smooth fireclay crucible, which is then 
covered with a lid and heated in a wind-furnace. 'The heat at first must 
not be too great, but must be raised considerably before “pouring.” 
The lead oxide in the charge is reduced and the small globules of lead 
fall through the melt, collecting the gold in their passage. When the 
reaction is complete the crucible is drawn, swung and tapped, and the 
charge is poured into a conical iron mould. Detach the lead button 
from the glass-like slag, which should separate easily and must contain 
no particles of lead. The slag should be a clear fluid and resemble inferior 
bottle glass. If it is not satisfactory, repeat the assay, changing the 
temperature and the charge. 

The slag from rich ores may contain particles of lead i if this is the 
case the. slag should be crushed and mixed ^vith 20 parts of red lead, 
5 of NojCOj, and 1 of charcoal, and heated once more. The lead button 
thus obtained Is added to the first. 

Cupellation. The lead button is scorified and cupelled, a high 
temperature being used so os to separate the copper completely. A high 
temperature may be used safely, since gold is much less volatile than 
silver. The button of gold and silver is then cleaned and weighed. 


Parting consists of dissolving out the silver from the gold by nitric acid. 

If the bead is yellow, it contains more than 50 per cent, of gold. If 
it contains more than 30 per cent, of gold, the gold will retain silver after 
the parting ; but if not mote than 80 per cent, of gold is present, the 
whole of the silver will be dissolved, Tlie presence of too much silver 
causes the gold to be left as a powder which is diificult to manipulate. The 
most convenient proportions are 2*5 jiarts of sils’er to 1 part of gold. 

If the gold does not exceed 80 per cent., flatten out the bead by 
hammering it carefully. If the bead is large, anneal it occasionally by 
heating it to redness on charcoal in the blo^vpipe-flame. In any case, 
anneal the flattened button before “ parting ” it. 

Now heat a little concentrated nitric acid, diluted with its own volume 
of water, nearly to boiling in a tube, and drop the weighed button into it. 
Keep the liquid at this temperature for ten minutes. Then pour off the 
acid, and heat the button with nitric acid diluted with half its volume 
of water. Boil for several minutes, pour off tlie acid, and wash the residue 
with distilled water. Fill up the tube Avith >vater, cover the open end with 
a small porcelain crucible and quickly invert the tube, carefully avoiding 
loss. The gold will settle do^vn in thq.bottom of the crucible. Remove 
the tube, and drain off the water from tlie crucible. As the surge of water 
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caused by the removal of the tube may wash some of the gold out of 
the crucible, it is best to put the crucible in water in a basin in such a way 
that its top edge is about on inch below the surface of the •vvater before 
taking away the tube. If the tube is lifted up^vards and sideways, the 
rush of water wdll be avoided. 

Dry the gold, and heat it until it changes in colour from a dark red to 
yellow. Cool the metal, transfer it directly to the pan of a verj' delicate 
balance, and weigh it accurately. From this result calculate the weight 
of gold present in tlic ore, stating the result in ounces per ton. 

If the button contains more than 30 per cent, of gold before “ parting,” 
it will retain silver. In such a case suflicient silver is added to raise the 
proportions to 2-5 parts of sliver to 1 part of gold by cupelling the button 
with the necessary quantity of silver and a small piece of lead foil, and 
the “ parting ” is repeated with this alloy. 

If the gold weiglis only 2 or 3 milligrams, the Tequisite quantity of 
silver may be alloyed with it by simple fusion on a clean cupel over the 
blowpipe. The silver which is introduced in the red lead, or in the metallic 
lead, must be determined and allowance made for it. 

Example of Gold-ore Assay, 50 gm. of ore were fused with Hux, and n I(»d 


The weight of gold *= — ^2 , ^ ca 313 .O groins per ton of ore. 

' at s 0-05 ounce per ton of ore. 

From the above results, the weight of Ag in the button 3-5 miUigronis. 
Subtracting tlie weight of Ag in the red lead l-l) , 
and the weight of Ag added, . . . 2 -Oj ' ” 

tlic weight of silver from the ore ^ 0 4 „ 

Tliereforc by calculation fTom this result, as above : 

The weight of silver « 0*20 ounce per ton of ore. 

Dry Assay of Tin Ores 

Cassiterite, “tinstone,” or “block tin” is the ordinary tin ore of 
commerce. This mineral consists mainly of SnOj. It may be assayed as 
described below if it is fairly free from quartz and other “ ganguc,” and 
if it contains not less than 00 per cent, of metallic tin. 

A suitable charge may be 20 grm. of the mineral, 40 grm. of potassium 
cj'onide and 1 grm. of powdered charcoal. A small quantity of the cyTinlde 
is place<l at the bottom of n small clay crucible. The ore, most of the 
remaining cj'anidc, and the carbon are intimately mixed on a sheet of 
paper and added. Tiic paper is crashed off with the reserved cj'anide, 
nnd the residues are added as a seal to the contents of the crucible. 

Tile crucible is placed in a wnd-ftimace and heated at a low red heat 
for twenty minutes. During this time the oxide Is reduced. 

SnO, + 2K^^ = Sn -}- 2 KCXO. 
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The tin is present as' small globules in the slag. These globules must be 
collected by raising the temperature considerably for a short time before 
pouring. The crucible is then drawn, swung and tapped fairly vigorously, 
and the molten charge is poured into a cold button-mould. 

^^'hen quite cold, the salts are removed from the tin by placing the 
button under a running tap in a sink. The tin is dried and weighed. 

The dry assay generally gives results slightly lower than those given by 
the wet assay. The loss of tin is considerable, but there is a compensating 
gain of iron. If desired, the percentage of tin in the button may be 
determined by dissolving a piece of it In hydrochloric acid and determining 
the tin iodometrically (p. lOS). 

Certain samples of cassiterite cannot be assayed directly in this manner. 
They do not give buttons, but merely irregular metallic masses. Such 
ores may sometimes be assayed if they are first cleaned as follows : A 
known weight, say 20 grm., of the finely-divided ore is digested with 
30 ml. of concentrated hydrochloric acid for half an hour at a temperature 
not far short of boiling. Then 5 ml. of concentrated nitric acid are added 
and the liquid is boiled for ten minutes. 

The cold liquid is diluted and stirred, and the residual tinstone is ^vashcd 
several times by decantation wth hot ^ter followed by decantation 
with dilute ammonia. It is then transferred to a filter-paper, washed and 
dried. The tin is determined by the dry assay as described above. The 
filter-paper may be added to the charge In the crucible. 

Note, As the determination of tin by the dry assay may sometimes be 
unreliable, in commercial practice the ore is frequently opened up by 
fusion with sodium hydroxide or sodium pero:dde, and the tin is deten^ed 
volumetricallyby the bromate process (p. 183). 
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caused by the removal of the tube may wash some of the gold out of 
the crucible, it is best to put the crucible in water in a basin in such a way 
that its top edge is about an inch below the surface of the -water before 
taking away the tube. If the tube is lifted upwards and side^vays, the 
rush of water ^vill be avoided. 

Dry the gold, and heat it until it changes in colour from a dark red to 
yellow. Cool the metal, transfer it directly to the pan of a verj’ delicate 
balance, and weigh it accurately. From this result calculate the weight 
of gold present in the ore, stating the result in ounces per ton. 

If the button contains more than 30 per cent, of gold before “ parting,” 
it -will retain silver. In such a case sufficient silver is added to raise the 
proportions to 2-5 parts of silver to 1 part of gold by cupelling the button 
with the necessary quantity of silver and a small piece of lead foil, and 
the “ parting ” is repeated with this alloy. 

If the gold weighs only 2 or 8 milligrams, the requisite quantity of 
silver may be alloyed with it by simple fusion on a clean cupel over the 
blowpipe. The silver which is introduced in the red lead, or in the metallic 
lead, must be determined and allowance made for it. 


P^gmTiTA rA t't nr.’*?, 


The weight of gold = 2M0_X_W^2i0;001 „ g, g q pgj 

' ■» as 0*65 ounce per ton of ore. 

From the above results, the weight of Ag in tbe button ** 8'5 milligrams. 
Subtracting the weight of Ag in the red lead . l-ll ^ o.j 
and the weight of Ag added, . . . 2 0/ ’ ” 

the weight of silver from the ore =« 0 4 t» • \ 
Therefore by calculation from this result, as above ; j r 

The weight of silver = 0*26 ounce per ton of ore. t 


Dry Assay of Tin Ores 

Cnssiterite, ” tinstone,” or “ black tin ” is the ordinary tin ore of 
commerce. This mineral consists mainly of SnO,. It may be assayed as 
described below if it is fairly free from quartz and other “gangue,” and 
if it contains not less than CO per cent, of metallic tin. 

A suitable charge may be 20 grm. of the mineral, 40 grm. of potassium 
cyanide and 1 grm. of powdered charcoal. A small quantity of the cj'anide 
is placed at the bottom of a small clay crucible. The ore, most of tbe 
remaining cyanide, and tbe carbon are intimately mixed on a sheet of 
paper and added. The paper is -washed off with the reserved cyanide, 
and the residues are added as a seal to the contents of the crucible. 

The crucible is placed in a wind'furnacc and heated at a low red heat 
for twenty minutes. During this time the oxide is reduced. 

SnO, + 2K#r = Sn + 2KCNO. 
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The tin is present small globules in the slag. Thes^ globules must be 
collected by raising the temperature considerably for a short time before 
pouring. The crucible is then drawn, sn'ung and tapped fairly vigorously, 
and the molten charge is poured into a cold button*mould. 

\Vhen quite cold, the salts are removed from the tin by placing the 
button under a running tap in a sink. The tin is dried and weighed. 

The dry assay generally gives results slightly lower than those given by 
the wet assay. The loss of tin is considerable, but there is a compensating 
gain of iron. If desired, the percentage of tin in the button may be 
determined by dissolving a piece of it in hydrochloric acid and determining 
the tin iodometrically (p. 105). 

Certain samples of cassiterite cannot be assayed directly in this manner. 
They do not give buttons, but merely irregular metallic masses. Such 
ores may sometimes be assayed if they arc first cleaned as follows : A 
kno\vn weight, say 20 grm., of the finely-divided ore is digested with 
30 ml. of concentrated hydrochloric acid for half an hour at a temperature 
not far short of boiling. Then 5 ml. of concentrated nitric acid are added 
and the liquid is boiled for ten minutes. 

The cold liquid is diluted and stirred, and the residual tinstone is washed 
several times by decantation with hot water followed by decantation 
with dilute ammonia. It is then transferred to a filter-paper, washed and 
dried. The tin is determined by the dry assay as described above. TJie 
filter*paper may be added to the cha^ in the crucible. 

Note. As the determination of tin by the dry assay may sometimes be 
unreliable, in commercial practice the ore is frequently opened up by 
fusion with sodium hydroxide or sodium peroxide, and the tin is determined 
volumetrically by the bromate process (p. 188). 



SECTION XI 

WATER ANALYSIS 


Collection and Inspection of the Sample 

Samples of -water are most conveniently collected and stored in 
Winchester quart bottles. These bottles are made of good quality glass 
and -are provided with accurately fitting stoppers. Each bottle holds 
.about 2400 ml. For an ordinary analysis one Winchester quart bottle 
tilled with the ivater will be found sutneient. 

Before the bottle is filled with the sample, it should be ivashed out 
thoroughly 'with water and then allowed to drain in an inverted position. 
Bottles which have been used for acids ore to be preferred because they 
are most easily cleaned. The use of stoneware bottles and of corlis in 
storing rroter-samples is to be condemned. 

Before the bottles are filled, they should be rinsed out two or three 
times with the -water, Wlien tlie water is to be collected from a river or 
spring the bottle is totally immersed in the water, and is filled to within 
i inchof tlie bottom of the stopper. If the >vateris supplied from a pump 
or tap, several gallons should be allowed to fiow away before the sample 
is taken. A sample of a town supply must be dra\vn direct fron^ the 
street-mains, and not from a storage cistern. 

The stopper is inserted as soon as the bottle has been filled. It should 
be held in position by draw'ng down tightly over it a piece of sheet rubber, 
or of cl^n calico or linen rag, the edges of which arc firmly tied round 
just beneath the projecting edge of the neck with string or with thin 
* copper binding-wire. The fastening should be sealed with sealing-wax. 
No lute or other material, which might find its ^Tay into the bottle when 
the stopper is removed, must be employed. Immediately the sample has 
been taken a label describing the sample, and stating the date, time and 
place of sampling should be affixed to the bottle. 

Samples of water should be stored in a cold, dark room or cellar. 


Order of Work. In carrying out the following determinations, the 
order in which they are to be started should be carefully considered, 
with a view to the greatest possible economy of time and the minimXim 
changein propertiesof the sample. Ammonia, orgam'ematter and cUssolvcd 
oxygen should be determined as soon as possible after the sample luts been 
collected, and immediately after the bottle has been opened, since these 
constituents undergo rapid changes in amount when the water is kept or 
is exposed to the air. Unless stated othenrisc below, the water in the bottle 
should be mixed by shaking before ony portion is poured off for analysis. 


It is usually unnecessarj' to carry out the whole of the follo-»ving » 

OQonyonesampIeofirater.andthefoIlowingschcmeindicates themore impona 
dato required for waters for various purposes s , , ..j, 

Raw and Softened Boiler-Feed Waten. Total, eusnended and 
hardness, P , alkalinity (or addity), sulphates, chlorides, carbon dloxIdCjS , 
dissolved oa -gen. A detailed analysis of the inorganic solids may he access y 
in the first hutancc, and at occasional Intervals. 

CoQdCQsafe. .Dissolved oxygen, P,, alkalinity, hardness, chlorides. 
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Water from Boilers. Alkalinity, P*, phosphates, sulphates,’ silica, sodium, 
chlorides. 

Condenser Cooling Water. Chlorine (if chlorinated), chlorides. 

Drinking Waters. Oxygen absorption, suspended solids, chlorides, free and 
saline and albuminoid ammonias, nitrites, nitrates, poisonous metals, Pn, free 
chlorine (if chlorinated). 

Effluents. Biological oxygen demand, suspended solids, free and saline and 
albuminoid ammonias, Ph, temperature. 

The Colour ol the Water is observed by pouring it into a 100-ml. Nessler 
tube, and looking dOAvn the tube at a wli^te surface, placed so that light 
is reflected up through the column of liquid. If a numerical measurement 
of the colour is required, this can be made by means of a Lovibond 
tintometer ; or by determining the number of ml. of a 0-0025 per cent, 
solution of Bismarck brown which, on dilution to 1 litre, match the shade 
of the water. The value so obtained is about 10 per cent, of the Lovibond 
value. 

The Taste and Smell of the w.ater are usually obse^^’ed after it has been 
gently heated. 

Acidity. Pure natural water is usually slightly alkaline in reaction, 
and a strip of neutral litmus-paper immersed in It for thirty minutes 
becomes distinctly blue. A decidedly acid reaction usually indicates the 
presence in the water of manufacturers* waste or of mine-products, but 
water derived from peat and heath-land Is also slightly acid. 

The “acidity” is best expressed in terms of hydrogen-ion concentration. 
This may be measured colorlmctrically (p. 200). 

Examination of the Suspended Matter 

Chemical Examination of the Suspended Matter. The presence of 
suspended matter in water usually indicates imperfect filtration, but 
it may arise from the action of the w,alcr on lead (p. 807), and to other 
causes. It Is not usual to filter the water before analysis unless it is 
very turbid. If, however, much suspended matter is present, its amount 
must be determined, and the water may at the same time be rendered 
clear, as follows ; 

Filter 100 ml. to 1 litre of water, according to the amount of 
suspcndctl matter present, through a tared paper on a weighed Gooch 
crucible containing a pad of asbestos 2 mm. thick, dried at 105® C. Dry 
the filler and its contents to constant weight at 105® C. This gives the 
total suspended matter. It should be expressed in parts per 100,000, the 
temperature of drjring also being recorded. 

The residue Is then ignited (p. 70), cooled and weighed, the result 
giving the Inorganic suspended matter. 

If a filler-paper is used, this should not be wetted before or washed after 
the filtration. The first 50 ml. of the filtiatc should be rejected. 

Microscopic ExaminaKon of the Sospenfled Matter. Allow the water to 
remain in a tall cylinder for several hours, until the suspended matter has 
l)cen dcpositc<l. Carefully pour off the clear supernatant water ns com- 
pletely ns possible ; then transfer a drop of the residual liquid to a glass 
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slide, and examine it imder a on&^ixth objective. Take special care to 
look for fibres of vrool, hair, muscular tissue, or any kind of animal matter 
which would he indicative of sewage. The presence of organisms should' 
be carefully noted, and also the presence of chlorophyll granules, gro^rths 
and cells, which will indicate vegetable matter. Potable waters should be 
free from all visible suspended matter, dead or alive, but for the identifica- 
tion of the objects seen and the interpretation of the resuits the references 
on p. 246 should be consulted. ’ It should be remembered, too, that a 
satisfactory chemical and microscopic.aI analysis is not necessarily a 
guarantee that the water is free from harmful bacteria, since these are 
invisible under ordinary magnifications ; and that with drinking waters a 
biological test is always desir.able. 

Total Dissolved Solids 

Rinse a clean platinum or nickel evaporating-dish with distilled •water, 
heat it in a steam-oven, allow it to cool for ten minutes in a desiccator 
and weigli it carefully. Place the djsJ> on a glass ring on a water-bath, or 
on a beaker of suitable size placed on a tripod stand. The bath or beaker 
should be about two-thirds filled with water, and, if a be.'iker is used, a 
few small pieces of pumice should be placed in it to prevent bumping. 
Measure £00 ml. of the sample in a graduated delivering flask, and fill 
the dish •within about 1 cm. from its edge with the water, filtering the 
sample if necessary. The volume of the water used may be reduced if 
much dissolved solid matter is present. As the liquid e\'aporates, add 
more of the sample, until the whole of it has been transferred to the dish. 
IVljcn all the water has evaporated, dry the outside of the dish, place it In 
the steam-oven, and heat it at 110® C. until its weight Is constant, cooling 
it in a desiccator for ten minutes before weighing. 

If the residue in the dish is very hygroscopic, the actual weighing must 
be performed rapidly. It may even prove convenient to weigh the solids 
slightly warm, and this may be done so long as the empty dish is weighed 
in the same way. With a little practice It will be found possible to do this 
with sufficient accuracy, and it is usual to judge the temperature of the 
dish by holding it with tongs and allowing it to touch the back of the 
hand. Weighings should be carried out to the nearest milligram, and 
in recording the results a note should be made of the temperature at which 
the solids were dried. 



Then ignite the residue at a low red heat, noting the changes that 
occur in the colour and odour. Cool in a desiccator and rcwcigli. The 
difference in weight gives the loss on ignition. This loss is some indication 
of the amount of organic matter present. 

Free and Saline Ammonia 

This determination must be conducted in a room wbicli contains no 
ammonium salts or other sources of anunonia, and it should Ik* made as 
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boon ns possible after tlie collection of the sample, and immediately after 
the bottle has been opened. It is a good plan, when first opening the 
bottle, to shake it so that a little of the crater splashes over the lip of the 
neck and so washes oft any traces of impurities that may have lodged on it. 

The method depends on the fact that when the water is distilled with a 
little sodium carbonate the whole of the ammonia, which is present in 
the •water either in the free or in the combined state, passes over in the 
first portion of the distillate and may be determined by the addition of 
Nessler solution, which gives a yellow or brovm coloration -with ammonia 
or ammonium salts (see p. 210). This colour is matched by adding the 
same quantity of the Nessler solution to the same volume of pure Avatcr, 
to which a suitable and kno^m volume of standard ammonium chloride 
solution has heen added. 

Nessler Solution. Thrcclltrcs of this solution maybe prepared according 
to the following directions, hut a smaller volume srill usually suffice, and 
may be made from proportionately smaller quantities of materials. 

Dissolve 180 grm. of potassimn iodide in 250 ml. of water and pour 
this solution upon 70 grm. of mercuric chloride contained in a glaxcd 
porcelain mortar j then triturate Ihe-mixturc until the solid matter has 
dissolved, and make up the whole to 2500 ml. by the addition of water. 
Now odd 454 grnu of potassium hydroxide in sticks, allow the solids to dis- 
solve, and, when the liquid has cooled, add a sntumted solution of mercuric 
chloride gradually and in sufficient qu.antlly to form a slight permanent 
precipitate. Dilute tliis solution to 3 litres, allow it to stand, and then 
carefully decant the dear liquid. 

Keep this Nessler solution In bottles which are closed ■with welMitting 
rubber stoppers, and decant a portion of the clear solution from time to 
■ time into a smaller bottle for ase. A glass tube, >vjth a 2-ml. mark on It 
is used to measure out and <IcHvcr the required volume of the solution. 

Standard Ammonium Chloride Solution. Weigh out accurately 3-15 grm. 
of pure ammonium chloride, dissolve In ^Tnte^, and make up the solution 
to 1 litre. This solution is too concentrated for use, but it makes a 
convenient block solution. When the standard solution is required, dilute 
10 ml. of the stock solution to 1 litre. 1‘kich millilitre of the diluted solution 
corresponds wth 0 01 milligram of Nil,. 

Water Free Irom Ammonia. Onlinaij’ distilled or soft water frequently 
contains sufficient ammonia to make it unlit for use in the determination 
of ammonia. In order to determine whether ammonia is present, a 50-ml. 
Nessler tube is filled to the mark svith tlic distilled s\*ater, and 2 ml. of 
Nessler solution arc added. The tiiltc is then placed on a white surface, 
and if no yellow coloration appears after standing for five minutes tlie 
water is sufficiently pure for use. 

If, however, n yellow or brown coloration appears, re*<listil the ^vatcr 
in the following ^vay ; Pour the iratcr into a large fi.'isk, and add a little 
jwtasslum i>crmanganatc and nlwut 1 gnn. of freshly-ignited sodium 
carlwnnte cr>-stals. Connect the flask with a condenser, and then boil 
tlic water. After rejecting the first portion of the distillate, collect the 
remainder in a Nessler tube and test it nith Nessler solution as described. 
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As soon as the distillate ceases to give a coloration with Nessler solution, 
Collect it in a clean Winchester quart bottle, and keep the tightly- 
stoppered bottle in a room which contains no ammonium salts or 'other 
sources of ammonia. 



an ■■■..* 

f . . . • 

contact of the steam with rubber fa thus prevented. 

Procedure. The following preliminary test determines the volume of 
water to be used : To SO ml. of the water-sample in a Nessler tube on a 
white tile are added 2 ml. of Nessler solution, and the mixture is stirred. 
Fifty millilitres of the distilled water, free from ammonia, are poured into 
a second tuhe, and 0*5 ml. of the dilute standard ammonium chloride 
solution and 2 ml. of Nessler solution arc added. 

If, after the cylinders have been allowed to stand for about five minutes, 
the intensity of colour in both is about the same, 500 ml. of the water is 
a suitable volume to be taken. If the coloration produced by the water- 
sample is less or greater than that of the standard, a proportionately larger 
or smaller quantity of the water must be used. After a little eTqierience 
it is possible to judge this quantity by simple inspection. The coloration 
which corresponds with that given by about 2 ml. of the standard 
ammonium cUoride solution, is most suitable for the accurate determina- 
tion of ammonia by this method. 

(a) Process of Distillation. Connectthedistillationflasktothecondenser, 
and free the apparatus from ammonia as follows : Four into the flask 
about 500 ml. of water free from ammom'a, and add 1 grm. of freshly- 
ignited sodium carbonate, with a few pieces of ignited pumice to prevent 
bumping. Heat the flask with an Argand burner, or with a Bunsen burner 
which is raised to withinl cm. from the bottom of the flask so as to flatten 
out the flame. 

If a Liebig condenser is being used, allow the steam to blow through 
the ivhole apparatus for a few minutes, until about 50 ml. of distillate 
collect. Test this for ammonia by adding 2 ml. of the Nessler solution. 
If any coloration is seen, distil over about 50 ml. more of the water into a 
Nessler tube and test again. Continue this procedure until 50 ml. of the 
distillate give no coloration with Nessler solution. 

Pour the requisite'quantity of the water under examination into the 
flask, and distil over one 100-ml. portion. Mix this by pouring it into 
another cylinder and match 50 ml. of it as is described below. If the 
amount of ammonia present is such as to produce too deep a colour for 
matching conveniently, dilute the solution until a suitable colour is 
obtained, and match roughly. TJien use the other 50 ml. to obtain a more 
exact match. 

In the meantime another 100 ml. should have been collected, and this 
is treated simUarly ; normally the 50 ml. taken will not require dilution. 
Collect another 60 ml. of distillate, and determine the ammonia present ; if 
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this corresponds with l-O nil. of standard or less the distillation may be 
regarded as finished. If it is more collect one more 50-ml. portion, and 
then conclude the distillation, even if the volume of standard required to 
match it exceeds 1* 0 ml. 

Allow the apparatus and its contents to stand by undisturbed for the 
subsequent determination of the “albuminoid ammonia” (see below). 

(b) Process of “ Nesslensing'* Add 2 ml. of Nessler solution to the 
contents of the tube which contains the distillate, stir well, and place the 
tube on a white tile. Now make a comparison-test by dropping into 
another Nessler tube 1 ml. of the standard ammonium chloride solution 
from a burette, adding 49 ml. of ammonia-free water and 2 ml. of Nessler 
solution, and mijdng the liquids by stirring. Allow both tubes to stand 
for five minutes before comparing the tints. 

If the intensity of colour m the two tubes is not the same, throAV away 
the contents of the comparison-tube and rinse it out with water. Add 
more or less of the ammonium chloride solution, as may be Considered 
necessary, and dilute with ammonia-free water to the 60-ml. mark. Mix 
the liquid with 2 ml. of Nessler solution, allow the tube to stand for five 
minutes, and compare the coloration with that in the tube under test. 

These operations are repeated until the colour in the tube under test 
matches that in the comparison-tube. The volume of the ammonium 
chloride solution which has been required is noted. The process may 
usually be hastened by preparing four standard Nessler tubes containing 
0-6, 1, 2 and 8 ml., respectively, of the ammonium chloride solution, and 
comparing the Intensity o1f the colour of the tube under test with these. 

The addition of the ammonium chloride solution to the water must always 
precede that of the Nessler solution ; otherwise the liquid will become turbid 
and an accurate comparison of the colours %viU be impossible. 

The separate volumes of ammonium chloride required by the different 
portions of the distillate ace added together, and from this tlie weight of 
ammonia contained in 100,000 parts of the water is found. 


Example. Set out the result as follows : — 


Volume 

collected 

Volume 

tftlsen. 

Vdome 
alter diloUoa 

Volume of standard 
to mateb 50 ml of 
diluted distillate 

Volume of standard 
to match total 
distillate 

100 

50 

100 

1-5 

6 0 ml. 

100 

50 

50 

1-2 

2-4 

50 

50 

50 

1-1 

1-1 

50 

50 

50 

00 

0 9 




Total 

104 


Thus, 500 grm. of water contained 0 000104 gtm. of NHj = 0 0208 part of NH3 
per 100,000. 


Albuminoid Ammonia 

When an organic substance containing nitrogen is mixed with an alkaline 
solution of potassium permanganate and the liquid is boiled, either a 
<Hj*s cHsir iXAt. 12 
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out side by side with the samples, the bottle containing this water being 
allowed to stand for four hours at 80* F- The titration figure obtained is 
in effect a standardisation of the thiosulpliate against the permanganate, 
Under the conditions of the experiment. 

Calculation. Let x represent the number of millilitres of thiosulphate 
solution which have been used in the titi;ption of the permanganate in the 
distilled water, and y the number of millilitres used in the titration of the 
permanganate in the Avater under examination. Then {x — y) is the 
number of millilitres of thiosulphate solution which are equivalent to tlie 
permanganate reduced by the water. 

F^her, if the amount of available oxygen in the 10 ml. of permanganate 
originally added is represented by a; then the weight of oxygen required 
to oxidise the organie'matter in 250 ml. of the water will be 
(X - y)a 

X * . 

But a = 0-001 grm. of oxygen, and 'therefore the amount of oxygen 
consumed by 100,000 parts of the water 

{x -y) X 0 001 X 100,000 _ {x - y)0-4 
X X 230 ■” X 


Example. In a particular determination, 12*8 ml. of the standard thiosuIph.itc 
solution were required for the distilled water, and 10 ml. for the crater under 
examination. The amount of oxygen consumed by 100,000 parts would 
accordingly be in this case 


Chlorides and Chlorine 

Chlorine present as Chloride. Chlorine is usually present in the form of 
sodium chloride, and it is frequently reported in terms of that salt. The 
method is described on p. 193, a standard solution of silver nitrate being 
added to the water, with potassuun chromate solution as indicator. The 
solutions required are : 

(a) Standard Solution of Silver Nitrate. Dissolve 4-701 grm. of pure 
silver nitrate in distilled water, and make up the solution to 1 litre. The 
solution should he stand.'irdised against a solution of pure sodium chloride 
containing 1-048 grm. per litre. If 100 ml. of water arc used in the 
titration, 1 ml. of this silver nitrate solution will represent 1 part of 
chlorine per 100,000 of the -^TOtcr. 

(b) Solution of Potassium Chromate. Dissolve 1 part of neutral 
potassium chromate in 20 parts of water. The cliromate solution must 
hr freed from any chloride by adding a solution of silver nitrate until a 
permanent red precipitate is just obtained, and then filtering the liquid. 

Procedure. Four the silver nitrate solution (o) into a burette. Slcnsurc 
100 ml. of the water into a porcelain dish, and add 1 ml. of the potassium 
chromate solution (b): Add the sliver nitrate solution, cautiously, until u 
faint, but permanent, red colour Is just imparted to the liquid. 

It will be found convenient, until experience has l>ccn gained, to prepare 
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a similar dish containing 100 ml. of ^valer mixed with 1 ml. of the potassium 
chromate solution, to which silver nitrate solution has been added, but 
not in excess. If the two dishes arc placed side by side, the faintest 
appearance of a reddish tint in the test-dish will then be easily seen. 

A, blank experiment is made by finding the volume of the silver solution 
required to give the same reddish tint to a mixture of 1 ml. of the chromate 
with 100 ml. of distilled water. The number of millilitres of the silver 
nitrate solution required by the ^vatc^ used, less the volume required by 
the blank, gives tlie chlorine (present as chloride) in parts per 100,000 of 
the water. 

The volume of water to be used in the test is dependent upon the 
amount of chloride presentT The method is not suitable for waters coataining 
less than 0-5 part or more than 100 parts of chloride per 100,000 of >vater. 

Free Chlorine. WaterMs frequently sterilised by chlorine both for drinking 
purposes and for use in swimming batlis, etc. If nitriles, which also give a colour 
with the reagent, ate absent, free chloTine may be determined by means of ortho- 
tolidinc. 

The following solutions arc required : 

(a) Oncgrammeoforlhotolidine is dissolved In dilute hydrochloric acid, and the 
solution made up to 1 litre. 

(I*) A solution of copper sulnlmtc containing 3 grm. of CuS 04 , 5 II, 0 , and 2 ml, 
of concentrated sulphuric acid made up to 200 ml. with water. 

(c) A solution of 0 03 grm. of potassium dichromale in 200 ml. of water con- 


ri...!!,.. 4. t •— •‘ifferent volumes of solu- 

• I • table shows the t’olumes 

• ; . • • • with various concentra- 






OihO, 

K,Cr,0, 

CuSO, 

K,Cr,0,. 

0 02 

00 

2 1 

0 20 

1-0 

20 0 

0 04 

00 

4 3 

0 30 

1*9 

30 0 

0 00 

08 

0 6 

0 40 

2 0 

38 0 

0 08 

1-5 

' 87 

0 50 

2 0 

45 0 

0-10 

1 8 

10 0 

0 80 

2 0 

03 0 


Nitrite 

Detennination ol Nitrite Colorimctrically, This method, that of Griess- 
Hos\‘a, is uscil for very small amounts of nitrites (of the order of 0-01 to 
0 0005 i»art per 100,000). It depends on the formation of an Intensely- 
coloured aro dye which imparts a red coloration to the ^vatcr, and should 
Ik* carrictl out on a fresh sample of water, since the nitrite is converted into 
nitrate or ammonia by bacterial action when the sample is allowed to stand. 
The following solutions are requiml ; 

(o) DlssoUc 1 grm. of sulpltanilic acid In a mixture of 10 ml. of glaci.il 
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Clatk’s method is the older 5 it does not yield aceumte results if a large 
quantity of magnesium salts is present, but it has the ad\’antage that it 
actually measures the soap'Consuming power of the water. The titration 
method gives better results on the whole, since the magnesium salts are 
also precipitated quantitatively (p. 8G5). 

Hardness by Soap Solution (Clark's Method) 

This mctliod depends on the fact that when a solution of soap is mixed 
with solution of a calcium or magnesium salt, an" insoluble calcium or 
magnesium soap is produced. Accordingly, if tbe water is titrated with 
the soap solution no lather will form on shaking until the soap solution is in 
excess. 

The solution of soap in methylat^ spirit, which is used in this proces'?, 
is first standardised against a solution of calciirm chloride of known 
concentration. The water is titrated against tliis standard soap solution, 
and according to British usage the number of degrees of liarfness ” of 
the water is obtained from tlve volume of soap solution used. Each degree 
of hardness corresponds with 1 part of CaCOj per 100,000 of water. 

The following solutions arc required : 

(а) StandaM Soluihn of CakUtm Cidoride. Weigh accurately 0-2 grm. 
of pure Iceland spar, and dissolve it in dilute hydrochloric acid, taking 
care to keep the vessel covered to prevent loss by spirting. Eraporatc 
this solution to dryness on a water-bath ; then add water and again 
evaporate to dryness, and repent these processes, once at least, in order 
to remove all free hydrochloric acid. Dissolve the residue of neutral 
calcium chloride in water, and make up the solution to 1 litre. 

( б ) Preparaticin of Soap Solution, Potassium oleate soap is prepared 
by rubbing in a mortar 150 parts of lead plaster (Emplastrum Plumhi, 
B.P.) with 40 parts of dry potassium cjirbonotc. When these substances 
have been thoroughly mixed, a little mcliiylated spirit is added and the 
process of mixture in the mortar is continued until a creamy mass is 
formoil. This is stirred with more spirit, and the liquid is decanted after 
tlie sediment has settled. Tlic solution is made up to 1 litre with 
methylated spirit diluted ^ritli half its volume of water. 

^ Another Method pi Preparing the Soap Solntion is to dissolve^ 80 


in order to give the concentration of soap required. 

Standardisation of Soap 5’ofuhbrt. The soap solution must be diluted 
until 14-25 ml. of it just produce a permanent lather when shaken with 
60 ml. of the standard calcium chloride solution. 

Measure 50 ml. of the calcixim chloride solution (a) into a stoppcre<l bottle 
of 250 ml. capacity. Xow allow 1 ml. of the soap solution to flow from a 
burette into the Iwttle, and close the bottle and shake it vigorously for a 
short time. If no permanent lather is produced, add another millilitre 
of the solution and shake again. Continue the addition of the soap, 
shaking the water well after each addition, until a lather is formed which 
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remains for a short time when the bottle is laid upon its side on the bench. 
The titration is finished when the lather remains upon the surface in an 
unbroken layer for five minutes. Towards the end of the titration, the 
volume of soap solution which is added each time should be lessened, 
and it should finally not exceed 0*2 ml. Expirience renders it possible to 
detect the approach of the end of the reaction by the sound an^ sensation 
produced during shaking, because the soimd and shock become much more 
gentle when a lather begins to form. 

The soap ' solution, can now be diluted by the calculated volume of 
water-alcohoi mixture to a concentration such that exactly 14*25 ml. of 
it are required to produce the lather with 50 ml. of the calcium chloride 
solution. The concentration of the soap solution should be checked after 
it has been allowed to stand for twenty*four hours, because a sediment 
usually forms which reduces its strength. It is on this account preferable 
to defer the final dilution and titration of the solution until no further 
sediment is deposited. 

Total Hardness. Measure 50 ml. of the water into a stoppered bottle of 
250 ml. capacity. Shake the water well, and remove any carbon dioxide, 
which has been evolved, by sucking out the air from the upper part of the 
bottle by means of a pipette ; repeat these processes once at least 
Then titrate the water with the standard soap solution in the way described 
above. If more than 10 ml. of soap solution are required, dilute a suitable 
measured* volume of the sample to 50 ml. with boiled, distilled water 
(Nofc) and titrate again. 

The number of degrees of hardness in the water, expressed as parts of 
calcium carbonate per 100,000, may now be obtained from the number 
'of millilitres of soap solution used, by reference to the Hardness Table 
(see below). 

If much magnesium salt is present, it will be difficult to determine the 
end-point. This is due partly to the formation of a permanent scum upon 
the water, but also to the fact that the soap solution acts much more 
slowly upon magnesium salts than it does upon calcium salts. When 
magnesium salts are present, it is best to dilute the ■water until not more 
than 7 ml. of the soap solution are requited for the titration, and the bottle 
should be allowed to stand for at least ten minutes after the titration has 
been finished to make certain that the lather is permanent. 

Note. Carbon dioxide acts on soap solution in such a way as to prevent it 
from giving a lather. Hence, all distilled ^vater used for dilution or for making 
solutions, should be freshly boiled and cooled quickly. 

Permanent Hardness. The method consists in boiling the water until 
any salts, which are precipitated by boiling, are thro^vn out of solution. 
The liquid is then made up to its original volume with air-free distilled 
water, and is filtered at once. The hardness is determined in the clear 
filtrate. 

Measure about 250 ml. of the sample into a flask, and weigh the flask 
and contents. Boil gently for half an hour, adding boiled distilled water 
from time to time, to replace that which evaporates. Cool quickly, and 
make up the flask and its contents to their original weight (Note) with cold, 
recently boiled, distilled water. Mix well, fKiur through a dry filter, reject 
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the first 50 ml. of filtrate and titrate a suitable volume of the filtrate witli 
soap solution. 

Tiie degrees of Permanent Hardness are then obtained by reference tc 
the Hardness Table. , 

Note. Instead of weighing the sample, on exactly measured volume of it may 
be taken, and the water may be made up to the same volume again after it 
been boiled, filtered and cooled. In practice, however, this procedure is less rapid 
than Weighing. 

Temporary Hardness. The difference between the Total Hardness 
and the Permanent Hardness gives the Temporary Hardness of the water. 
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^ca^bonate-f^ee) to phenolphthalein, back-titmte wth 0-1 N.HNO, adding 1 drop 
in excess, and then titrate with the palmitate reagent to a faint pink, correcting 
the titration by deducting 0-3 ml. ; 100 ml. of the barium chloride solution = 
5 ml. of 0*1 N. palmitate solution. 

Total Hardness. Slightly acidify 100 ml. of the water \vith O-l N. HNO* to 
methyl orange, boil for three minutea with 1 drop of bromine water, cool, and 
proceed as in the standardisation. If a ml. is the corrected titration with a 0-1 
N. pcilmitate solution, then the total hardness is equivalent to 5a parts of CaCOj 
per 100,000. 

Calcium Hardness. Slightly acidify 100 ml. of rvater with O-l N. HNOs, add 

. N. ^ • i 


hardness is a 56 parts of CaCO, per 100,000. 

Magnesium Hardness. This ia the difference between the total and the calcium 
hardnesses. 


Detennination of Hardness by Standard Acid 
The calcium and magnesium bicarbonaies, which cause the temporary 
hardness, are first determined by titration of a portion of the water with 
standard acid. The reactions which occur are : 

Ca(HCO,), + HjS 04 = CaSO* + 2COj + 2HjO 
Mg(HCOj), + HjSO* = MgSO^ + 2COj + 

The amount of acid used is converted into its equivalent of CaCOg 
(each millilitre of decinormal acid corresponds with 5 milligrams of CaCOg), 
and from this the “ temporary ” hardness is calculated as parts of CaCOg 
per 100,000. 

The soluble salts of calcium and magnesium are then removed from 
another portion of the water by adding a mixture of equal volumes of 
standard sodium hydroxide and sodium carbonate solutions in excess, 
and the excess is back titrated with standard acid. The reactions which 
occur are ; 

CaSOi + Na,COg = CaCOg + NogSO, 

MgSOg + 2NaOH = Mg(OH)j + NagSO, 

The sodium carbonate converts the calcium salts into CaCOg and the 
sodium hydroxide precipitates the magnesium salts as JIg(OH) 2 . From 
the volume of alkali used, the weight of soluble salts of calcium and 
magnesium, expressed in terms of parts of CaCOg per 100,000, is calculated, 
and this gives the “ permanent ” hardness. 

Temporary Hardness (“Alkalinity”), Add a few drops of methyl 
orange to 500 ml. of the water, or to a smaller volume if the water is very 
hard. Then add decinormal sulphuric acid from a burette until the end- 
point is reached. The end-point can best be obtained by adding the 
same amount of indicator to 500 ml. of distilled water and running in 
acid until the colour of the solution has changed to a faint red. This 
tint can then be matched against that of the water under examination. 
From the number of millilitres' of acid used, less that required for the 
distilled water blank, the corresponding -weight of CaCO, is calculated, 
and this is converted into parts per 100,000. 
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Permanent Hardness. Boil 250 ml. of the water in a conical flask to 
expel most of the carbon dioxide. Add to it 50 ml. of a mixture of equal 
volumes of declnormal NaOH and decinormal NajCOj and evaporate to 
about 100 ml. Cool the liquid, make it up to 250 ml. with boiled, distilled 
water, and allow the whole to stand until the calcium carbonate and 
magnesium hydroxide have settled. Then filter if necessary, remove 
50 ml. of the clear liquid by a pipette and titrate this with decinormal 
sulphuric acid, using methyl orange as indicator. From the number of 
millitres of acid used, the amount of alkali required to precipitate the 
salts may be found, and from this the permanent hardness is calculated 
(see example). 

Note, During this reaction, the bicarbonates of calcium and magnesium will 
have been converted partially into carbonates, and precipitated : 

Ca(HCO,), + Na,CO, = CaCO, + 2NaIICO,. 

Since, however, an equivalent of sodium bicarbonate is formed ot the same time 
and remains in solution, no alkali wilt have been consumed in the process. 

\ 

The Total Hardness may be obtained by adding together the temporary 
and the permanent hardnesses. 

The hardness of water can also be measured by the electrometric method 
(p. 213). The chemistry of the process is exactly the same as above, 
but the end-points are shown by breaks in the potentiometric titration 
curves. In effect, the potentiometer is the indicator. 

Example, The temporary hardness of a water, 500 ml. of the water required 
d‘4 ml. of decinormal sulphuric acid. Now 1 ml. of this acid corresponds with 
0-005 grm, of CaCOg ; therefore the weight of CaCOj, wliich would neutralise the 
acid used in the titration, is 

8-4 X 0 005 =0 043 grm. 

Hence the temporary hardness, as parts of calcium carbonate per 100,000, 

= 200 X 0 (WS = 8-4. 

In determining the permanent hardness, 250 ml. of the water were boiled wth 
50 ml. of a mixture of equal volumes of decinormal sodium hydroxide and deci- 
normal sodmm carbonate solutions, and, after Cltration, the liquid was made up to 
250 jnl. Fifty milb'Jitres of this liquid required 8 0 ml. of decinormal sulphuric 
acid for neutralisation. Hence the permanent liardness in tJ«e 50 ml. used 
corresponds with 

10 — 8-C = 1*4 ml. of decinormal add, 

since 10 ml. of standard alkali were present in every 50 ml. of the solution. 
Therefore the number of millilitres of acid corresponding with the permanent 
liardness in the 250 mi, of the water used were 
1.4 X 5 = ro. 

Now, since 1 ml. of the decinormal acid corresponds with 0-005 grm. of CaCO„ 
the permanent hardness in 100,000 ports 

. = T X 0 005 X 400 = J4 0. 

Hence the total hardness 

= 14 0 + 8-4 = 22-4. 


Detection and Determination of Poisonous Metals in Water 
Copper and lead are the most common poisonous metals in water; 
arsenic, barium, and zinc may be present in exceptional c.ascs. 

Copper nnd lead may be detected by placing 100 ml. of the water in n 
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Nessler cylinder and adding 10 ml. of normal acetic acid, and 10 ml. of a 
filtered saturated solution of hydrogen sulphide. If either metal is present 
in an appreciable amount, the tint of the well-mbced liquids -will be darker 
than that of the same volume of water to which 10 ml. of acetic acid only 
have been added. Traces of these metals may be detected by evaporating 
a measured volume of the water to a small bulk before making the above 
test. If an appreciable colour is produced, the metals are determined 
colorimetrically. 

Copper. Copper may be determined colorimetrically as copper ferro- 
cyanide, or by the diethylditliioe.arbamate method (p. 238). 

If iron is also present it should be removed by adding a few drops of 
nitric acid, evaporating, and precipitating with an excess of ammonium 
hydroxide. The precipitate should be filtered off and dissolved in nitric 
acid, then precipitated once more by ammonium hydroxide, and again 
filtered off and washed. The precipitate may be used for the determination 
of iron {p. 3C8), and the combined filtmtes for determination of copper. 

Lead. If copper is absent, lead may be determined colorimetrically as 
lead sulphide (p. 242) ; if it is present, use the dithizone separation (p. 243). 

Action of tVeter on Lead. Rain water, many natural soft waters, and 
waters containing natural vegetable acids act upon lead or its alloys if 
they remain in contact with It during storage or conveyance. It is 
therefore advisable to find out whether water intended for drinking 
purposes has any action upon lead. Hard waters do not as a rule act on 
lead unless they contain much carbonic acid. This is due to the fact that 
the hardening constituents rapidly form an insoluble, protective coating 
on the surface of the lead. 

Tlie behaviour of a sample of water towards lead may be tested as 
follows : Cut off two strips of lead sheet ; scrape one of these so as to 
expose the bright surface of the metal, and leave the other in its tarnished 
condition. Immerse the lead strips in separate licakers of the water, and 
allow them to stand undisturbed for twenty-four hours. Then note the 
appearance of the lead and of the water. 

If the surface of the lead has remained unchanged in appearance, and 
the water is perfectly clear and briglit even after it has been shaken, the 
water has prob.ably not acted upon the lead, since a white insoluble basic 
lead carbonate is usually formed by the action. To make sure whetlier 
any solvent action has occurred, however, it is best to remove the lead 
strips, and to test the water coloriracttically. ’ 

The Relative Action of Samples of Different M'alers on lead may be 
assessed as follows : 

A strip of sheet lead, 1-5 cm. svide. Is scraped bright and is cut into 
lengths of 2-5 cm. Ten millilitres of each of the different water-samples are 
introduced into stoppered test-tubes, 15 cm. long and 2 cm. in diameter, 
and a strip of lead is completely immersed in each sample. The lead 
strips should be free from greisc ; they must therefore be handled by 
forceps, not by the fingers. Tlic tubes arc shaken to detach any air- 
bubbles from the lead, and arc allowed to stand for one, three, seven or 
fourteen days, ns required. 

The sraler is poured off from each tube into a glass cylinder graduated 
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at 100 ml. capacity. The lead is rinsed in the tube by shaking it with about 
10 ml. of distilled water, and this water is poured into the cylinder j the 
lead is removed and is rinsed by the jet of water from a wash-bottie to 
remove any adherent lead compound into the cylinder. Five millilitres of 
decinormal acetic acid are poured into the test-tube from which the lead 
strip has been removed, in order to dissolve any lead compound adhering 
to the glass ; this acid is poured into the cylinder and the test-tube itself 
is finally rinsed out into the cylinder. ,Thc liquid in the cylinder is stirred 
until all lead compounds arc dissolved and tlie liquid is quite clear : it 
is made up to the lOO-ml. mark with water and tiie lead is determined 
colorimctrically by the sulphide process. 

Zinc may conveniently be deteimined by the nephelometric method 
described on p. 250, Prepare a standard zinc solution, 1 mb of wJiich 
corresponds ^vitli 0>1 milligram of zinc, by dissolving 0*44 grm. of 
crystalline zinc sulphate in 1 litre of water. Add 2 mb of 3 N. H,SO/ 
and 1 mb of 0 5 N. K 4 Fe(CN )4 to 50 ml. of the water-sample and match 
the turbidity caused by the precipitation of the zinc fcrrocyanJde with a 
sample similarly prepared by mixing 50 ml. of distilled water with a 
known quantity of the standard zinc solution and with the above quantities 
of HjSO* and K*Fc(CN)« solutions. It is not adwsable to add the zinc 
solution after the tereocyanide or to use more than 1-5 mb of llie zinc 
solution. The tubes must be allowed to stand in the dark for minutes 
before on attempt is made- to match the turbidities. 

IVhen much iron is present in the water, it must be precipitated by 
adding NIIiCl and NHtOH, boiling and filtering before determining the 
zinc. 


I 


Determination of Major Mineral Constituents 

Silica. Acidify l litre of the ivater with hydrochloric acid, and ewiporate 
it to dryness, Drj' the residue on a woter-both, and finally at 110“ C. 
in an air-oven ; then moisten it with hydrochloric acid, add water, and 
heat (see p. 100). Filter off any insoluble residue of silica, and wash, ignite 
it in a platinum crucible, and weigh. Treat the residue •with lIjSO, and 
IJF, and from the loss of weight calculate tlie amount of silica present. 
Keep the filtrate, and the residue in the crucible. 

Iron. If the quantity present is small, it may be most readily determined 
colorimelrically by the thiocyanate method (p. 238). If it is large, 
proceed as follows : 

Iron and Calcium. Add a few drops of concentrated nitric acid, free 
from iron, to the filtrate from the silica, and boil. Then add a little 
ominonium chloride solution, and a slight excess of ammonium hydroxide. 
Filter off and ignite the ferric hydroxide in the platinum crucible, together 
with the solid residue from the detennination of the sllico, and weigh the 
iron ns Fc,0, (p. 04). This precipitate may contain n small quantity of 
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AljO, (p. G4). If it ib dcbircil to determine the latter, the iron in the mixed 
oxides is determined colorimetrically or volumetrically and the AljOj is 
obtained by difference (p. 270). 

Add excess of ammonium oxalate solution to tiic filtrate, allow the 
liquid to stand, fUtcr off and ignite the calcium oxalate, and weigh as 
CaO (p. 70). A second precipitation of the iron and calcium is recom- 
mended if they arc present in large quantities. 

Magnesium. Evaporate the nitrate from the calcium precipitate to 
drjmess, expel the ammonium salts from the residue by ignition, dissoh'c 
the residue in hydrochloric acid, odd water, and filter if necessary. Then 
add a moderate excess of ammonium liydroxide, followed by an excess of 
sodium phosphate solution. Filter, vrash and ignite the precipitate, and 
weigh the magnesium ns pyrophosphate (p. 70). 

I 

Sulphate. Acidify 500 ml. of the srater with hydrochloric acid and 
evaporate to about 100 ml. Add barium chloride solution in excess. 
Filter off, ignite, and weigh the precipitate of barium sulphate (p. 05). 

Alkali Metals. Eraporate X litre of the ^vate^ to about 100 ml. 
Precipitate the sulphate completely from this liquid by adding barium 
chloride solution. Filter, and boi! the filtrate witli milk of lime to 
precipitate the iron and magnesium. Filter, and precipitate the barium 
and calcium from the Dltratc by adding ammonium hydroxide in excess, 
ammonium carbonate and a few drops of ammonium oxalate solution. 
Filter, evaporate the filtrate to dryness, and expel the ammonium salts 
from the residue by Ignition. 

Extract the residue ^rith Arater, ftltcr if necessary, and add 1 drop of 
ammonium oxalate solution in order to ensure that all the calcium has been 
precipitated. Filter again if necessary,' acidify with hydrochloric acid, 
and evaporate to dryness in a weighed dish. Ignite the residue of alkali 
clilorides gently, and weigh it. The potassium chloride and sodium chloride 
in this residue may be determined separately if necessary (pp. 70-82). 

Dissolved Oxygen and Oxygen Demand 

The amount of dissolved oxygen which a water contains originally, 
and especially the amount which it loses when kept, is a most important 
criterion of wliat may be termed “ active organic pollution.” An average 
potable fresh-water supply should contain from 6 to 7 ml. of oxygen per 
litre, and this amount should not diminish greatly when the water is 
stored. 

Winkler’s Method consists in absorbing the oxygen in a measured 
volume of the water by adding to the water a little manganous chloride 
solution followed by a solution containing potassium hydroxide and 
potassium iodide. The reaction is carried out in a stoppered bottle, 
which Is completely filled with the liquids so as to avoid contact with 
air. The oxj’gen dissolved in the -srater converts a part of the precipitated 
manganous hydroxide into the higher hydroxide. Hydrochloric acid is 
added in excess, and the acid mixture is allmred to stand. After a time it 
is transferred to an open dish, and the iodine liberated by the higher 
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at 100 ml. capacity. The lead i<» rhibcd in fhe tube by shaking it with about 
10 ml. of distilled water, and this water is poured into the cylinder; the 
lead is removed and is rinsed by the jet of water from a ^vash-bottle to 
remove any adherent lead compound into the cylinder. Five millilitres of 
decinormal acetic acid are poured into the test-tube from which the lead 
strip has been removed, in order to dissolve any lead compound adhering 
to the glass : this acid is poured into the cylinder and the test-tube itself 
is finally rinsed out into the cylinder. ,Thc liquid in the cylinder is stirred 
until all lead compounds are dissolved and the liquid is quite clear : it 
is made up to the 100 *ml. mark with water and the lead is determined 
colorimetrieally by the sulphide process. 

Zinc may conveniently be determined by the nephelometric method 
described on p, 250. Prepare a standard zinc solution, 1 ml. of which 
corresponds with OT milligram of zinc, by dissolving 0 44 grm. of 
crystalline zinc sulphate in 1 litre of water. Add 2 ml. of 3 N. IfjSOj 
and 1 ml. of 0-5 N, K 4 Fe(CN)j to SO ml. of the water-sample and match 
the turbidity caused by the precipitation of the zinc ferrocyanide -with a 
sample similarly prepared by mixing 50 ml. of distilled water with a 
known quantity of the standard zinc solution and with the above quantities 
of H 2 SO 4 and K^Fe^CN)# solutions. It is not advisable to add the zinc 
solution after the ferrocyanide or to use more than 1*5 ml. of the 
solution. The tubes must be allowed to stand in the dork for five minutes 
before an attempt is made to match the turbidities. 

"Wlien much iron is present in the water, it must be precipitated by 
adding NH^Cl and NH 4 OH, boiling and filtering before determining the 
zinc. 


Determination of Major Mineral Constituents 

Silica. Acidify 1 litre of the water with hydrochloric acid, and evaporate 
it to dryness. Dry the residue on a water-bath, and finally at 110® C. 
in an air-oven ; then moisten it with hydrochloric acid, add water, and 
heat (see p. 100). Filter off any insoluble residue of silica, and wash, ignite 
it in a platinum crucible, and weigh. Treat the residue with H 2 S 04 and 
HF, and from the loss of weight calculate the amount of silica present. 
Keep the filtrate, and the residue in the crucible. 

Iron. If the quantity presen t is small, it may be most readily determined 
colorimetrieally by the thioi^nate method (p. 238). If it is large, 
proceed as follows : 

Iron and Calcinm, Add a few drops of concentrated nitric acid, free 
from iron, to the filtrate from the silica, and boil. Then add a little 
ammonium chloride solution, and a slight excess of ammonium hydroxide. 
Filter off and ignite the ferric hydroxide in the platinum crucible, together 
with the solid residue from the determination of the silica, and weigh the 
iron as Fe,0, (p. 04). This precipitate may contain a small quantity of 
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AljOj {p. 64). If it its desired to determine the latter, tlie iron in the mixed 
oxides is determined colorimetrically or volumetrically and the AljOj is 
obtained by difference (p. 270). 

Add excess of ammonium oxalate solution to the filtrate, allow the 
liquid to stand, filter off and ignite the calcium oxalate, and weigh as 
CaO (p. 70). A second precipitation of the iron and calcium is recom- 
mended if they are present in lai^e quantities. 

Magnesium, Evaporate the filtrate from the calcium precipitate to 
dryness, expel the ammonium salts from the residue by ignition, dissolve 
the residue in hydrochloric acid, add water, and filter if necessary. Then 
add a moderate excess of ammonium hydroxide, followed by an excess of 
sodium phosphate solution. Filter, wash and ignite the precipitate, and 
weigh the magnesium as pyrophosphate (p. 76). 

J 

Sulphate. Acidify 500 ml. of the water with hydrochloric acid and 
evaporate to about 100 ml. Add barium chloride solution in excess. 
Filter off, ignite, and weigh the precipitate of barium sulphate (p. 65). 

Alkali Metals. Evaporate 1 litre of the water to about 100 ml. 
Precipitate the sulphate completely from this liquid by adding barium 
chloride solution. Filter, and boil the filtrate with milk of lime to 
precipitate the iron and magnesium. Filter, and precipitate the barium 
and calcium from.- the filtrate by adding ammonium hydroxide in excess, 
ammonium catenate and a few drops of ammonium oxalate solution. 
Filter, ewftfJorate the filtrate to dryness, and expel the ammonium salts 
from thfl^esidue by ignition. 

E^fact the residue with water, filter if necessaiy, and add 1 drop of 


chlorides gently, and weigh it. The potassium chloride and sodium chloride 
in this residue may be determined separately if necessary (pp. 79-82). 

Dissolved Oxygen and Oxygen Demand 

I'lih amount of dissolved oxygen which a water contains -originally, 
and especially the amount which it loses when kept, is a most important 
criterion' Of what may be termed “ active organic pollution.” An average 
potable fresh-water supply should contain from 6 to 7 ml. of oxygen per 
litre, and this hpount should not diminish greatly when the water is 
stored. 1 

Winkler’s Method consists in absorbing the oxygen in a measured 
volume of the water by adding to the Trater a little manganous chloride 
solution followed by a solution containing potassium hydroxide and 
potassium iodide. The reaction is carried out in a stoppered bottle, 
which is completely filled witli the liquids so as to avoid contact with 
air. The oxj-gen dissolved in the Avater converts a part of the precipitated 
manganous hydroxide into the higher hydroxide. Hydrochloric acid is 
added in excess, and the acid mixture is allowed to stand. After a time it 
is transferred to an open dish, and the iodine liberated by the higher 
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manganese hydroxide is titrated with standard thiosulphate solution. 
From t!ie amount of iodine thus found the percentage of dissolved oxygen 
can be calculated. 

The process is comparable in regard to accuracy wth gasometric 
methods and is much more readily carried out. The presence of nitrite 
in appreciable quantity affects the accuracy of the determination, and 
the nitrite must be oxidised to nitrate as described below before the 
analysis proper is commenced. 

The Following Solutions will be required : 

(a) Concentrated sulphuric acid. 

(ft) 0'12o N. potassium permanganate solution (S-O-t grra. per litre). 

(c) Potassium oxalate solution containing 20 grm. of KjCjOi.HjO per 

litre. 

(d) Manganous chloride solution containing 33 grm. of MnCIj,4HjO 

per 100 ml. 

(e) A solution containing 70 grm. of potassium hydroxide and 10 grm. 

of potassium iodide per 100 ml, 

(/) Concentrated hydrochloric acid, free from chlorine. 

(g) 0 05 N. sodium tliiosulphate solution. 

The manganese chloride must be free from iron ; and all the reagents 
must be free from nitrite, as is sho^m if tlic alkaline solution (r) does not 
yield an immediate blue colour if mixed with starch solution and acidified 
>vith the hydrochloric acid (/). 

Procedope, Completely ftll an accurately-stoppered, nai’row-mouth 
bottle of from 800 to 400 ml. known capacity with the sample' of water, 
carefully avoiding any unnecessary ejq)osure of the water to f»he air. 
Then add 0 0 ml. of the sulphuric acid (<j) and sulbcient (1 to 2 ml.) oi*.the 
permanganate solution (b) to leave the water slightly pink in colon r. 
Mix the liquids by repeatedly Inverting the stoppered bottle, and alloa' 
it to stand for ten minutes. The object of this procedure is to oxidise any 
nitrite present to nitrate. Then destroy any excess of permanganate by 
adding about 1 ml. of the oxalate solution (c). The bottle must in all th<'<’ 
and subsequent operations be opened and re-stoppered as quick)' 
possible, and the reagents must be introduced to the bottom of tlv^Jottle 
by -pipettes. 

the liquid has become decolorised, let exactly 1 ml* of the 
manganese cliloride solution flow to the bottom of thf^Bottle from a 
pipette, and add immediately 3 ml. of the mixed potassium hydroxide 
and iodide solution (e). Close the bottle, which mustibe full of liquid, 
without including any air bubble, and mix the liquids^, by inverting the 
vessel several times. The manganous hydroxide precipitate which forms 
will be more or less discoloured according to the amount of oxygen dissolved 
in the water. ^ ‘ 

Since the oxidation of the manganous hydroxide takes time and the 
action of light affects -the result, the bottle is allowed to stand, shielded 
from light, for about fifteen minutes. Wien the precipitate has completely 
“ settled, remov-e approximately 100 ml. of tlie clear liquor with’ a pipette, 
■without disturbing the precipitate, and add 5 ml. of the HCI(/)* 
will dissolve the precipitate, and the liquid will be coloured with free iodine 
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which can he titrated with the standard sodium thiosulphate (g) in the 
bottle. A correction should be made for the titration obtained in a blank 
experiment in which the sample is substituted by distilled water. 


The dissolved oxygen content is calculated as follows : 

If N = the number of millilitres of thiosulphate used, 

S = the concentration of thiosulphate expressed as grammes of 
equivalent oxygen per millilitre. {Oj = 4l s: 4 Na 2 S 203 ) 

V = the volume of the bottle in millilitres. 

100,000 X N X S 

The dissolved oxygen, in parts per 100,000 =s • — . 


The following is an example : 

Volume of bottle = 321 ml. 

NajS^Oj used = 6-95 ml. . 

Concentration of NajSjOj s 0 000378 grm. of oxygen per millilitre. 


Hence dissolved oxygen per 100,000 parts of water 
0 000378 X 6-95 X 100,000 


321 


08185. 


Since 1,000 ml. of oxygen at 0" C. and 760 mm. weigh 1*44 grm., 
100,000 ml. of the water contain 

0-818 X 1,000 


1-44 


• ml. of oxygen. 


Hence 1 litre of water contains 6 7 ml. of dissolved oxj'gen expressed 
at 0® C. and 760 mm. 


Oxygen Saturation, The degree of aeration of a stream is measured in terms 
of the ratio of the dissolved oxygen (as found by the above method) to the 


contain 1'47, 1’OO and O-SO part per 100,000 of dbsolved oxygen. 

Biological Oxygen Demand. This determination is a valuable criterinn of tiie 
capacity ^ ~ ’ *• . -• ^ 

from a st 
determin- 

aerated water • d again ’after five days at 

IS-S® C. The . • yo’n demand. The degree of 

dilution used depends on the quality of the effluent ; normally, 1 volume is 
diluted with 4 volumes of good tap-water, but with strong eflluents 10 or even 
50 volumes of water may be required. IVith unknown samples, therefore, it is 
advisable to make tests at several dilutions and to use the oxygen absorption 
(p. 354) as a guide. 

Procedure. Make the necessary dilution, and use the diluted mixture to fill 
two similar bottles of known volumes. Determine the dissolved oxygen in one 
of these as desenbed above, and immerse the other in a thermostat at 18-3® C. 
for five days. Then make the same determination on this. 

Calculate the dissolved oxygen in each case, as shown above, in parts per 
100,000, and subtract the second from the first value. . Multiply the resulting 
'figure by the dilution used to obtain the biological oxygen demand. 
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GENERAL REMARKS ON THE RESULTS OF THE CHEMIOAL 
EXAMINATION OF WATER 

Note. The results of the above determinations are expressed in parts per 
100,000 ; they can be converted into grains per gallon by multiplying by 0 7. 

Total Dissolved Solids. Water which leaves a large residue on 
evaporation is not suitable for manufacturing purposes, becsause it produces 
scale in steam-boilers. It also leads to waste of soap in washing. Such 
crater is not, however, necessarily undesirable for use as drinking water. 

The amount of dissolved solids present in water depends mainly upon 
the nature of the soil through which the water has percolated. River 
Avater usually contains from 10 to 30 parts of dissolved matter per 100,000. 
Shallow well-water may contain from 25 to 200 parts or even more, the 
^■a^iation in this class of water being very great. Deep well-water may 
contain from 20 to 70 parts, but the proportion varies even beyond these 
limits in some cases. 

The Ammonium Sails present in water are almost invariably of animal 
origin. Their presence usually points to recent sewage-contamination, 
since ammonia is one of the first products of change of nitrogenous animal 
refuse. The amount of ammonia which is present as ammonium salts in 
water varies greatly. 

Upland Surfacc-xoaler and Shallow WelUtvater contain on the overage 
about 0-002 part per 100,000. If the land through which the water has 
passed is manured, the amount of ammonia it contains may -rise to 0 03 
or even higher. Generally, If the amount in drinking water exceeds 0-001 
and albuminoid ammonia is also present, there is cause for suspicion. 

Deep Well-wateT may contain as much os 0-1, but frequently contains 
no ammonia at all, Tlie presence of a high proportion of ammonia In a 
deep well-water casts suspicion on the crater if the albuminoid ammonia 
rises above a mere trace, or if any appreciable amount of oxygen is absorbed 
in the permanganate test. 

Spring-water contains but little ammonia, seldom more than 0-01 ; the 
average amount is about 0 001. 

Sewage may contain as much as 10 parts. 

As a rule, it may be stated that the quality of the water must be 
considered suspicious if the -water contains 0-000 part of ammonia per 
100,000. If the amount of albuminoid ammonia present is more than a 
trace, even a smaller amount of free and saline ammonia should arouse 
suspicion. , ^ 5 

Albuminoid Ammonia, as has been already explained (p. 85-1), gives 
on indication of the amount of organic nitrogenous matter present in 
the svater. It should not exceed 0-008 part per 100,000, although in 
special cases, such as moorland water, a larger proportion may not 
condemn the supply. 

Oxygen Consumed by the Organic Matter. The relative freedom from 
organic impurity may be judged from’the results of the permanganate 
test. The oxj’gen absorbed by the organic matter should not exceed 
0 03 part per 100,000 parts of water (0*10 part for upland surface waters). 
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Chloride is usually present in water as sodium chloride, occasionally 
as chloride of calcium or of some other metal. Sodium chloride may 
occasionally be derived from the soil. It may also be derived from sea- 
water, which has been either mixed with the water or introduced as spray, 
or is due to infiltration into wells near the coast. If no such source of the 
chloride can be traced, and its quantity exceeds 2 parts per 100 , 000 , it 
may be derived from urine. 

Rain-water usually contains sodium chloride, which has been derived 
from the air. 

Spring and River-water, if they are unpolluted >vith animal refuse, 
usually contain less than 2 parts of cldorine as chloride per 100,000. 

Shallow Well-water may contain almost any amount of chloride, the 
proportion depending on the extent to which sewage or surface-water has 
percolated into the well. 

Nitrite, if it is present in any appreciable quantity, should be regarded 
as an indication of comparatively recent sewage contamination. Nitrite 
is readily oxidised to nitrate. Both nitrate and nitrite are innocuous, but 
they are usually oxidation-products of objectionable organic matter which 
■was originally present in the water. 

Nitrite in Deep Well-water has probably been produced by the reduction 
of nitrate. IVhen nitrite is found in deep well-water, it is therefore not 
looked uponVlth as much suspicion as when it is fo'und in Shallow Well- 
water or in Upland Surface-water, unless albuminoid ammonia or orgj^ic 
matter is also present in appreciable quantity. 

Nitrogen as Nitrite and Nitrate. This value is of importance because 
when nitrogenous organic matter is fully oxidised, its nitrogen remains 
chiefly in the form of nitrate ; but nitrile Is also occasionally present if 
the oxidation is incomplete. Thus, the presence of a large amoimt of 
nitrogen as nitrite and nitrate points to past sc^vagc contamination. This 
implies that, if the filtration and aeration which have caused the oxidation 
of tlje organic matter should fail, there will be the risk of recent unoxidised 
sewag’e-matter being present in the water. Such a risk is, however, 
practically absent in the case of water dra^vn from deep wells of good 
construction. 

Upland Surface-water, if uncontaminated, sliould not contain more 
than 0 03 part of nitrogen as nitrate and nitrite per 100,000, although in 
cultivated districts the amount may reach 1 part per 100,000. 

In Shallow Well-water the amount s’aries greatly. 

In Deep Well-water tlie amount may rise to 5 parts, but the average is 
only 0 5. 

The Degree of Hardness of water is chiefly of importance wlien the 
water is used for washing or fpr manufacturing purposes; or when it is 
Used for generating steam in steam-boilers. 

If water Is required for drinking purposes, its hardness may vary 
from 2 to 50 parts per 100,000. Hardness within these limits seems to 
have no effect upon the health of the consumers, but a very hard water 
is not suitable for technical purposes. The character of the hardness 
will depend upon the nature of the soil with which the water has been in 
contact. > 
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Obiectionable liTetallic Gonstitnents. Opinions differ as to the allowable 
limits for certain metals in water, but probably those stated below will be 
generally accepted. 

Iron. Not more than O-l part of iron per 100,000 should be present 
in water to be used for domestic and technical purposes : w'hen as much 
as 0-3 part per 100,000 is present, the water has a distinct chalybeate 
taste. The amount is reducible by aeration or filtration. 

Copper is very rarely found unless tlie water has been stored in copper 
vessels or has passed through copper pipes. Copper salts are also used to 
destroy algte and may be introduced into the water in that way. Not 
more than 0-1 part of copper per 100,000 of water is permissible. 

Zinc has been found as a nonn.al constituent of certain mineral waters ; 
quantities varying from O-OOIS part of ZnCOj and 18 parts of ZnSO* per 
100,000 have been found. It may also be introduced by contact of tlie 
water with galvanised iron pipes or tanks. Its presence in a drinking water 
is undesirable. 

Lead lias more often caused serious or fatal disturbances • to health 
when taken in drinking water than any other metal. It is not a normal 
constituent of natural ^vatcr, but is generally derived from contact of 
soft crater with lead pipes or with lead-lined tanks. Its action will vary 
with different individuals, but generally speaking not more than 0 025 
part per 100,000 of water may be present >7ithout producing on effect 
when the water is drunk : 0 05 is considered decidedly don|erous, while 
0'0P3 part has proved fatal. Drinking water should undoubtedly be 
free from lead, as its physiological action is increased by the fact that lead 
accumulates in the system and is not continuously excreted. 

Dissolved Oxygen and Oxygen Demand, A pure stream may have an 
oxygea saturation of 100 per cent, or more, especially in fine sunny weather, ' 
indicating supersaturation with oxygen ; polluted streams however, may 
have values of 70 or less, although a figure between these two is not 
necessarily an indication of pollution, because in winter, when the weed 
life of the river is at low ebb, the evolution of oxygen from this source is 
lets. 

According to the findings of a Royal Commission which was concerned 
principally with sewage, on effluent is regarded as tending to be injunous 
if it has a biological oxygen demand exceeding 2 parts per 100,000 ^ond 
contains more tlian 3 parts per 100,000 of suspended 
were classified as very clean, clean, fairly clean, of do'i k purity, rp& 
bad or polluted according as this value was not more t/»i.a^0*l,_0;'', O-S, 
0-5 and 1*0 part per 100,000, respectively. 
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SECTION XII 

ANALYSIS OF FOODSTUFFS 


Analysis of Milk 

The constituents of milk -which are usually determined are the total 
solids, the ash and the fat. From them the amounts of water and of 
“ solids not fat ” are deduced. The casein and the milk-sugar, which are 
included in the latter, are rarely determined separately. The examination 
may frequently be hastened by determining the specific gravity of the 
milk and the percentage of total solids, and then calculating the percentage 
of fat present by the formula given on p. 379. If any doubt is thus raised 
as to the proportion of fat present, the fat may be determined directly 
by one of the four methods described. 

The specific gravity of milk is determined by means of a Sprengel tube, 
specific gravity bottle or hydrometer. Although the Sprengel tube gives 
the most accurate results, it is customary to use a special form of 
hydrometer known as the Lactometer, particularly for dairy-control 
determinations. The scale readings of the Lactometer are marked in 
“ degrees ” over a range from 15 to 45, corresponding with specific gravities 
varying from 1-015 to 1'045. 

Total Solids. Mix the sample of milk well by shaking it, and pipette 
5 ml. into a tared platinum or porcelain dish. The dish should be shallow 
and of diameter 2 to 3 inches, so that the milk covers the bottom in a thin 
layer. Weigh the dish quickly in order to determine the weight of the 
milk. Add 1 ml. of acetone and evaporate the milk rapidly to dryness 
on a boiling water-bath. Transfer the disli mth the residue to the steam- 
oven, and heat it for One hour. Cool, weigh ; then repeat the heating for 
further periods of an hour each, until the difference bet-\veen two consecutive 
weighings is not more than 1 milligram. Use this residue for the determina- 
tion of the ash. 

Ash. Ignite the residue in the platinum dish over a Bunsen or Argand 
name, at a temperature which never greatly exceeds visible redness. If 


may bo hastened by crushing the carbonised residue from time to time 
\vith a platinum wire. The process is most easily carried out at a very dull 
red heat in a mufile furnace. 

The Wemer-Schmidt Method for Fat. Tlie milk is mixed with liydro- 
chloric acid and heated. The acid attacks the casein surrounding the 
fat-globulcs, and thus sets free the fat which rises to the surface. The 
fat is extracted by treating the mixture with successive quantities of 
ether ; the ether solution is separated, the ether is distilled off, and the 
residue of fat is dried imd weighed. 
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Procedure. Mix the milk well by shaking it, and determine its specific 
gravity. Measure accurately 10 ml. into the tube shown in Fig. 109. 
This tube is graduated at 20 rAl. and at SO ml. to facilitate the addition of 
the necessary volumes of acid and ether. 

Add 10 ml. of concentrated hydrochloric acid, close the tube with a 
cork and heat it in the water-bath for 
* about ten minutes, shaking it occ.asion. 
ally'. The liquid wll become dark 
brown in colour, owing to tlie chemical 
action of the acid upon 'the casein, and 
- tlie fat will collect on the surface. Now 
cool the liquid rapidly by holding the 
tube in a stream of cold water. tVIien 
it is gttife cold, fill the tube to the 50-ml. 
graduation with ether, which has been 
freed from alcohol by washing it 
repeatedly "svith water. Then insert 
the cork and shake the liquid vigorously 
for two minutes. ^Vhen the ether has 
again risen to the surface, a small layer 
of undissolved matter will be seen 
. between the ethereal and aqueous 
layers. Withdraw the ether solution 
into 0 weighed 100*ml. flask by means 
of a pipette. This is more conveniently 
done by inserting in the tube a fitting 
like that used in an ordinary wash- - 
. bottle, the curs'cd end of the longer 
tube being adjusted so ns to be just 
above the layer of suspended matter 
(see Fig. 100). The ethereal solution is 
easily transferred to the 100-ml. fiask 
by blowing through the smaller tube. 

Extract twice more, using two suc- 
cessive quantities of 20 ml. of ether, 
and add these extracts to that in the 
flask. Distil off the ether through a 
condenser, and heat the flask in the 
steam-oven for about twenty minutes. 
Cool It in a desiccator and weigh it. 


m 






Fio. 100. ScnjiiDT Tube. 


20 .. 


The result gives the weight of fat in 10 ml. of milk. 

Example. In an octual determination, 10 ml. (equal to 10-3 grm.) of milk were 
used. The ether extract yielded 0*347 grm. of fat. 

Therefore the milk contained ’ 


100 X 0 317 


3*37 per cent, of fat. 


The Rdse-Gottlieb Method for Fat, Accurately measure or weigh 10 
to 11 grm. of the milk into a narrow tube, 2 cm. in diameter and 100 ml. 
in capacity. The tube must be fitted with a rubber stopper. Add 1 ml. 
of ammonia solution of 0*880 sp. gr. 


FAT JN MILK 


377 


Mix the liquids gently, add 10 ml. of alcohol (about 95 per cent, by 
volume), and again mix gently, but wthout inverting the tube. Next 
add 25 ml. of methylated ether, of 0*720 sp. gr., and mix by inverting 
the tube four times. Then add 25 ml. of light petroleum, boiling below 
C0° C., and mix again by inverting the tube four times. The above 
directions for mixing the liquids after each addition must be carefully 
followed. 

After the ethereal solution has separated, remove as much of it as possible 
by a pipette, or replace the stopper by the arrangement sketched in 
Fig. 109 ; and expel the ethereal solution, and collect it in a weighed 
flask. Mix the residual liquid with 25 ml. of a mixture of ether and 
light petroleum in equal volumes, avoiding any violent agitation, and 
remove os much as possible of the ether layer into the flask, 
repeating this treatment twice in a similar way with fresh 
quantities of the mixed ethers. Remove the ether by distilla- 
tion and dry the flask in the steam-oven until its weight is 
constant. 

If the milk is sour, 'lumps are sometimes seen after the 
ammonia has been added, but these will disappear if the tube 
is placed in warm water for a few minutes and is then well 
shaken. 

The Gerber Method for Fat. This method requires the use 
of a centrifugal machine. The milk is treated with concen- 
trated sulphuric acid which attacks the casein enclosing the fat 
globules. The fat, which is thus set free, is “separated” by 
whirling the milk round at Iiigh speed in a centrifuge. The 
Gerber method is rapid, and Is consequently verj* widely 
used. Provided that standard apparatus and technique are 
employed, It produces results which are not only comparable 
among themselves, but which arc in satisfactory agreement 
with those given by a gravimetric method such os the Rose- 
Gottlieb. 

The tube used for this process is shown in Fig. IJO. It '^GERByR 
consists of a fairly large reservoir, which can be closed by a Tunc, 
tightly-fitting rubber stopper. The lower part of the rcser\*olr 
is contracted and is graduated In “ percentages of fat,” the tube having 
been calibrated by working svith milks of knomi fat content. 

Procedure. Introduce 10 ml. of sulphuric acid, of density 1*820 to 1-825, 
into the tube, and then allow 11 ml. of the milk to trickle slowly down 
so that it docs not mix with the acid. Add 1 ml. of amyl alcohol, of 
Iwiling-point 130® to 132® C. and density 0-814 to O-SIC. Close the neck 
svith a tightly-fitting rubber stopper, and, holding the stem in one hand 
and the stopper in the other, mix the contents by gently .shaking the tube, 
finally inverting it several times so ns to cause the acid to flow out of the • 
stem and to mix with the rc.st of the liquid. Then place the tube, which 
will now have Iwcomc very hot, in the centrifuge with the stopper outwards 
and allow the machine to nin for five minutes at a speed of from 1,000 to 
2,000 revolutions per minute. 

Stop the machine gnuhmlly, to prcTCnt the risk of breaking the tube. 
I’hre the tul>o, with the stopper downwnnis, in a >mtcr.batli maintained 
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at 60® to 65® C., and after five minutes read off the percentage of fat on 
the graduated stem. If the column of fat extends below the zero^mark, 
move, the stopper gently inwards to bring the column completely on to 
the scale. 

Adams’ Method for Fat, A known weight of the well-mixed milk is 
absorbed by a strip of filter-paper. The filter-paper is 
dried, and the fat is extracted wth ether in a Soxhlet 
apparatus. ' 

By evaporating the milk to dryness on filter-paper, the 
residue obtained presents a very large surface to the 
solvent action of the ether, and the remoTOl of the fat 
can therefore be completely effected. The extraction 
apparatus and the filter-paper, which are required for this 
process, are described below. 

Tht Soxhlet Extraction Apparatus. The Soxhlet extractor 
consists of a reservoir (a), closed at the bottom, and sealed 
to a wide glass tube (6). Into the side of the reservoir 
near the top is fused a tube (c), which is joined to the 
tube (6), wlUIst into the reservoir at the bottom is inserted a 
narrower siphon-tube (d), which also makes connection 
with the tube (b), as indicated in Fig. 111. 

* The material to be extracted is placed in the reservoir (a) 
in such a way that the whole of it is below the top of the 
siphon-tube (d). It is usually wrapped in filter-paper, or, 
better still, is enclosed in an “ extractor thimble,” made 
of fat-free paper, of a size and shape suitable for use in the 
extractor. In this way, solid matter is prevented from 
passing into the reservoir and from thence being carried 
over with the solvent into the flask. The glass tube (b) of 
the extractor is attached to a flask (e), containing the 
solvent to be used, and a suitable condenser (/) is inserted 
into the upper end of the reservoir. Ordinary corks are 
generally used for this purpose, but they should first be 
extracted with the solvent to remove all soluble matter. 

Wien the liquid in the flask (c) is boiled, its vapour 
passes up through the tube (6), and thence through the 
side-tube (c), since there is no direct communication 
Fio 111 between the reservoir and the tube (6). The vapour 
THES'oxirriT then passes into the condenser, and the condensed liquid 
ExTBACTon. drops back upon the substance in tlic reservoir, and 
accumulates in the reservoir. 

As soon as the liquid reaches the level of the tipper bend of the narrow 
siphon-tube (d), which communicates %vith the bottom of the reservoir, 
*it siphons over and thus finds its way back again to the flask (e). 
process wll repeat itself as often os the liquid collects in the reservoir in 
sufllcient quantity to reach the necessary level. In tliis way the substance 
is constantly brought into contact with the pure, warm solvent, and the 
matter thus extracted is carried by the solvent into the flask (e), where It 
will gradually accumulate. , . 

The FiUer^paper Strip. The strip is 58 cm. long and about 6 cm. wide. 
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Its exact width will be detennined by the dimensions of the reservoir of 
the Soxhiet extraction apparatus (o. Fig. 111). The strip should be of such 
a width that when it is coiled up and placed in the reservoir of the Soxhiet 
apparatus it reaches nearly to the upper bend of the siphon-tube (d). 
Paper practically free from fat, and from other matter soluble in ether, 
may be obtained for this purpose. A strip of such paper, however, may 
contain from 4 to 5 mgrra. of matter soluble in ether, and this should 
either be extracted first or a correction made for it. If ordinary filter* 
paper is used it should be treated similarly. 

Extracting the Fat . , Pin the end of one of the paper strips to a cork 
held in the clamp of a retort stand, so that the strip hangs vertically. 
Then allow 5 ml. of the welbshakcn milk to drop slowly upon the paper 
from a pipette and to be absorbed by it. Allow the strip to hang in a warm 
place until it is drj’ 5 and Anally heat it for ten minutes in the steam-oven. 

Then roll the paper into a coil, and place it in the Soxhiet extractor ; 
an extraction thimble is not required. Pour about 100 ml. of dry,ethei- 
into the weighed Aask, and heat it on a water-bath suAicicntly to keep 
the ether just boiling for three hours. If any suspended matter is present 
in the taxed Aask, the ethereal solution must be Altered through a tared 
paper intp a second tared Aask. 

Remove the ether from the Aask by distillation, add a few millilitres of 
absolute alcohol, and dry to constant weight in the steam-oven, The 
weight of the 5 mb of milk taken can be obtained from its speciAc gravity, 
and hence the percentage by weight of the fat present in the milk can be 
calculated. 

The Other Principal Constituents of the Milk arc not determined directly, 
but their amounts are calculated from the results already obtained, as Is 
described below 

(fl) Water. The percentage of total solids is subtracted from 100 to 
give the percentage of water. 

(&) “ Solids not Fat.” The percentage of “ solids not fat ” is obtained 
by subtracting the percentage of fat from the percentage of total solids. 

(c) Determination of Fat by Calculation. The results which have been 
obtained by the direct analysis of the milk may be checked by the follo^^’ing 
indirect method of calculation : 

The SpeciAc gravity of milk is mflucnced by the amounts of fat and 
of “ solids not fat " which are present, the former tending to lower the 
speciAc gravity, and the latter to raise it. Several formula;, expressing 
the relationship of the quantity of fat to the speciAc gravity and the 
amount of total solids, have been proposed. 

The following formula has been adapted by Richmond to the Adams’ 
process of fat -extraction : 

T 0 219 [(G X 1000) - 1000 ] 

in which F represents the percentage of fat, T the percentage of total 
solids, and G the speciAc gravity of the milk. 

If a Richmond milk-scalc is used, the percentage of fat can be read directly 
from the scale and the calculation is unneMssary. ^ 
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operations. One-third of its total volume of glycerol is now added to the 
liquid, ond it is again titrated with O-l N. NaOH solution until it becoqies 
pink; Each millilitre of the decinormal alkali used in this last titration 
indicates the presence of 0-0062 grm- of H3BO3, or 0 0035 grm. of 
or 0 0095 grm. of Na^BjO^lOHjO in the volume of milk taken. 

(b) Formaldehyde may be determined by a reagent eonsi'sting of a 
mixture of 1-6 ml. of normal nitric acid, with 100 ml. of concentrated 
hydrochloric acid. 

Ten millilitres of the freshly-made reagent are added to 5 ml. of the 
milk in a test-tuhe, and the mixture, after being vigorously shaken, is kept 
for ten minutes in a water-bath at the temperature of 50® C. ; the liquid 
is then cooled rapidly to about 15“ C. A violet coloration indicates the 
presence of formaldehyde in the milk. The amount of formaldehyde 
present may be determined by comparing the intensity of this coloration 
>yith that produced by each of several standard tubes containing milk 
to which known amounts of formaldehyde have been added, and which 
have been treated in precisely the same way. The reaction is most 
sensitive when from 0-2 to 0 parts of formaldehyde ' are present in a 
million parts of milk. If the colour is deeper than corresponds with 
6 parts per million, the sample should be diluted Avith pure milk. 

A rougher mctiiod consists in adding 1 ml. of dilute sulphuric acid, 
made by mixing the pure acid with three times its volume of water, 
to 100 grm. of the milk, and distilling the liquid. The amount of 
formaldehyde in 20 ml. of the distillate is then determined by the iodometric 
method (p. ICO), and is multiplied by three, since the distillate will contain 
only about one-third of the formaldehyde which wos originally present in 
the milk. 


Analysis of Butter 

It is ulual to determine the ^valer, curd, salt and fat in butter. The 
addition of preservatives is illegal, but if a preserv-ative such as boric 
acid is detected, it should be deterroined also. Again, if butter is to be 
tested for the addition of foreign fats, the butter-fat must be separated 
and examined further (p. 384). 

Water. ^Yeigb out accurately from 2 to 3 grm. of the butter into a 
flat-bottomed, tared disli ; heat it for an hour on a water-bath or in a 
steam-oven, or in an air-oven at 105® C., until no globules of water con be 
seen below the fat, and until the weight becomes constant. ^ . 

Curd and Salt. Slelt the dry butter In a dish and treat it Wth about 
10 ml. of ether, pouring oft the ether solution through a tared I'lter. Treat 
the residue again ^vith ether, transfer it to the filter, and contJiuc to w'a^jh 
it wlh ether until the last few drops of the ether give no residue when 
they are evaporated to dryness on a watch-glass. Then dry the filter 
and its contents to constant weight ii) a steam-oven. The weight of the 
residue represents the amount of curd, salt, and boric acid (if any). The 
dried filter is retained for the determination of the ash, and the ether 
solution for the direct determination of the fat. 

It is possible, if cate is taken, to pour off the ether solution from the 
curd without remoring any of the latter, in which case, after all the fat 
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Iiiis been extracted, the dish itself inay be dried in tlie oven and re-weiglicd. 
A tared filter-paper is thus rendered unnecessary. If the determination is 
carried out in this way, then both the curd and the salt may be determined 
separately. Tiie residue in the di$his treated with hot water, which 
dissolves the salt, and is then transferred to a tared filter-paper. The 
filter-paper is washed with distilled water and dried to constant weight in 
the steam-oven. The result gives the amount of Curd present. 

The water extract (and washings) contain the Salt, and this may be 
determined by titrating the extract witli 0*1 N. silver nitrate, using 
potassium chromate as indicator (p, 103). 

Ash. Transfer the dried filter containing the curd to a weighed platinum 
crucible, and ignite it at ns low a temperature as possible, until the residue 
is white in colour and its weight is constant. 

The residue should consist almost wholly of salt, but it may contain 
boric acid or borax introduced into the butter as a preser\’ative» These 
• may be detected by dissolving the ash in a little water and testing the 
solution by the method described on p. 381. 

Boric Acid, Ten grammes of the butter are heated gently in a small 
cvnporating-dish, and the melted fat is washed into a small, stoppered 
sepnratlng'funnci with about 80 ml. of boiling water. The whole is then 
shaken well and allowed to stand until the fat has separated completely 
from the water, when the water is allowed to flow off tlirough the tap into a 
lOO-ml. flask. 

This treatment is repeated three times, not more than 20 ml. of 
boiling water being used on each occasion. The four washings are then 
cooled in the flask and diluted to 100 ml. with distilled water. Fifty 
millilitres of this filtered solution arc acidified with IICl and boiled to 
expel CO,. The solution is rendered just alkaline with O-l N. NaOH, 
using phenolphthalein ns indicator. Two grammes of mannitol or 
10 ml. of glycerol are then added. The solution is cooled and is titrated 
with O'l N. NoOH until a pink colour is seen. The percentage of boric 
acid present may tlien be calculated from this result, since 1 ml. of the 
0-1 N. NaOH is equivalent to 0 0002 grra. of HjBO,. 

Fat may be determined either by difference or directly ; the latter is 
the more exact method. 

If the fat is to be found by difference, the sum of the percentages of 
water, curd and salt, and boric acid or borax arc subtracted from 100. 

In the direct method, the etbcrc,al solution and ^vasbings from the 
determination of the curd are transferred to a weighed flask, and the ether 
is removed by distillation. The flask containing the residue of fat is then 
heated for some time on a >vater-l)ath, and is finally dried in a steam-oven 
until its weight is constant. 

Acidity in Butter is detcrminctl by the method described on p. 408, 
and may be returned in terms of butyricacid. Each millilitre of 0-1 N. alkali 
corrcsjwnds wath 0-0088 grm. of butjTic acid. Unneidity is usually 
accompanied by the formation of free fatty acids, and although rancidity 
cannot be correctly inca.surc<l by the free acidity, the latter is useful in 
determining the quality and commercial value of the butter. 



384 


BUTTER A^^ALYSIS 


Remarks' on the Results ot Butter Analysis. The i)ercentage of water 
present in -vrell-raade butter of good quality is not as a rule greater than 
14-5, nor less than 11. A proportion exceeding 16 per cent., the legal 
limit, indicates either careless making or intentional adulteration. 

The percentage of fat, which averages from 85 to 87, should never fall 
below 80. 

Detection of Foreign Fats in Butter 

Compaiison oi Butter dat with other Edible Oils and Fats. Butter-fat, 
like other natural.fats '(see p. 401), is a mixture of the triglycerides of 
fatty acids. The acids derived from butter-fat differ, however, from those 
derived from other natural oils and fats, in that they contain a considerable 
proportion of fatty acids whitdi arc volatile, soluble and of low molecular 
weight (see p. 608)., Butyric acid, for example, forms from 3 to 4 per cent, 
of the total amount of fatty acids which can be separated from butter, 
and is a characteristic constituent of butter. 

Cocoanut or palm-kernel oil yields a mixture of fatty acids of 
average molecular weight which are less soluble and less volatile than 
those derived from butter, so that adulteration of butter by such oils 
can be detected from the nature of the fatty acids. 

The fatty acids in lard, and oleo-margarinc ” butter-substitutes 
■which contain beef-fat, are mainly insoluble, are of high molecular weight 
and are, therefore, for the most part, non-volatile. 

The examination of batter for foreign fats is a matter of considerable 
difllculty. At one time, when the chief adulterants were lard and 
margarine, a low Rcichcrt-Meissl value (Table, p. 880) was a fair 
indication of probable adulteration ; but since cocoanut and palm-kernel 
oils have been used extensively for adulterating and cheapening butter, 
an adulteration as great as 20 per.cent. may be present before this value 
becomes noticeably low. Additional tests have been devised by Polenske, 
who showed that cocoanut and palm-kernel oils furnished more insotubk 
volatile fatty acids than did butler (p. 387) ; and by Kirschner, who 
determined the amount of butyric acid in butter-fat by separating it as 
silver butyrate (p. S87). 

The volatile fatty acids from different samples of butter are compared 
by separating the whole of the fatty acids from the butter and then 
distilling and collecting the volatile acids under stand.ard conditions. 
The original method of effecting this was due to Reichert, but it has 
since been modified. The volatile fatly acids are subjected to further 
examination to obtain the Rcichert-Meissl, Polenske and Kirschner 
values. 

Preparation of “ Butter-lat,” free moisture, salt, and curd : Melt 
some of the butter in a small beaker on a water-batb. Wien the fat is 
clear, pour it off through a dry filter-paper which is supported, without a 
funnel, in another small beaker on the water-bath. Care must be taken 
that none of the water from beneath the fat is poured on the filter, an 
the filtered liquid fat must be perfectly clear and transparent. 

Tlic Itdcheri-Mcissl Value is defined as the soluble volatile fatty acids 
obtained from 5 grm. of fat, distilled under specified conditions, in terms 
of their 'cquU’alent in millilitres of OT N. alkali. 
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The Rcichert-Polenske Process for defemiintng tlic volatile fatty acids 
in butter-fat is described below. 

Tlie apparatus employed is of standard size, and imiforin conditions of 
manipulation must be adhered to strictly. Figs. 113 and 113 show the 
general arrangement of the apparatus, with dimensions in millimetres. 

Procedure. 'Weigh 5 grm. of the butter-fat into a SOO-nil. flask, add 
2 ml. of a 50 per cent, (by weight) solution of sodium hydroxide and 



20 grm. of glycerol. Heat the mixture with a small flame until frothing 
ceases and the solution becomes clear. Allow the liquid to cool somewhat, 
and then add very gradually 03 ml. of freshly-boiled distilled ivater. This 
is measured and added hot (at about 80* C. to 90* C.), and the liquid is 
shaken in order to prevent loss by frothing and to promote the solution of 
the soap. 

Now add 50 ml. of sulphuric acid (of such concentration that 40 ml. 
neutralise 2 ml. of the sodium hydroxide solution used), drop in about 
0-1 grm. of powdered pumice, which has been sifted through butter 
muslin (or B.S. Sieve No. 50), quickly connect the flask with the 

(jtTAX cnxv ISII. J 3 
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condenser, and heat it over a small flame until the layer of fatty acids 
has become quite clear. Then increase the size of the flame, and so 
regulate the distillation that 110 ml. of the distillate are obtained in 
about twenty-one minutes. When 110 ml. have distilled over, take 
away the flame, remove the receiving flask, and at once replace it by 
a 25-ml. cylinder which will receive any drippings. 

Filter off the distillate from the receiving flask through a dry 0-cm. 
No. 4\yhatman filter-paper, rejecting the first runnings, and collect 100 ml. 
of it in a dry. flask. Ckirk the flask and set it aside for the determination of 
the Reichert-Meissl value. 

Wash the condenser tube with three successive 15-ml. portions of cold, 
distilled water and pass each 
washing separately and succes- 
sively through the 23 ml. cylinder, 
the 1 1 0-ml. receiving-flask and the 
filter-paper. Reject the filtrate. 
Then rinse the condenser tube 
and the 25-ml. cylinder irith 
three successive 15-mI. portions 
of neutral alcohol, pass each 
washing through the’ filter-paper 
and collect the filtrate in the 
110-ml. flask. Cork the flask and 
set it aside for the determination 
of the Polenske value. 

The Reichert-MeUst Value. 
Titrate the filtrate set aside for 
the purpose with decinormal 
sodium hydroxide or barium 
hydroxide, using O-l ml. of a 
1 per cent, solution of phenol- 
phthalein as the indicator. R 
the ICirschner value is to he 
found, use barium hydroxide. 

The number of millilitres of decinormal alkali, less the number 
required for the blank experiment, when multiplied by l*li gives the 
Reiebert-hleissl value. 

It will be seen from the Table on p. 387, that the Relcherr^Meissl value 
for pure butter-fat is high, 23 to 32, owing, as has been exp lained, to the 
presence of acids of low molecular weight, chiefly butyric an'd. Althoug » 
the Reichcrt-hleissl value varies widely, according to the <ood, county * 
period of lactation of the cow, and other causes, it very rarely * 
below 2-J, and tliis number is oIHcially recognised as the limit. It 
be noticed that as cocoanut oil gives a value of 7 to 0 and palm-kerne 
oil a valu^of 5 to G, the Reiclicrt-Meissl value alone renders diificult « 
detection oi even considerable percentages of these oils. It is tlicrefo 
often necessary to determine the Polenske value also. 

The detcTTninalion of the Reichert-TtXeissl value, however, wll 
detect lard and most other animal fats, because the Reichert -Sfeissl ^'0 u 
of these fats jwe below 1 . 
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The insoluble fatty acids present in the 110-ml. flask are almost always 
opaque arid white in the case of butter, while clear oily globules are present 
if coeoanut oil is present to the extent of over 10 per cent. 

The Polenske Value is a measure of the volatile fatty acids, insoluble 
in water, obtainable from S grm. of fat, expressed in millilitres of dccinormal 
alkali. 

Titnite the alcohol filtrate, retained abo%"e, with dccinormal sodium 
or barium hydroxide using 0-1 ml. of a 1 per cent, solution of phcnol- 
phlhalein ns the indicator. The number of millilitres 'used, less the 
number required for the blank, is termed the Polenske value. 

The Polenske ^•alucs in genuine butter are proportional to the 
Reichcrt-JIcissl ^’alues, and ^•ary from 1*6 for a butter with R.JI. figure 
of 23, to 3'5 for one with R.M. figure of 32 (see Table below). 

Comparison o! the Rcichert-Mcissl Values with the Polenske Values of 
Butler-fat— 

Rcichert-Mcissl Values . 32 31 30 29 28 27 26 25 21 23 

Polenske Values . . 8-5 3-2 3-0 2 0 2-8 2-1 2 0 1-8 1-7 1-0 

Tlie Polenske value is of use for dctcrmining-thc presence of coeoanut 
and palm*kcmcl oils in butter. These oils contain the glycerides of 
enproie, caprylic, capric and lauric acids, these acids being of average 
molecijlar weight, volatile in ste.am and partially or wholly insoluble In 
svatcr. ' 

Coeoanut oil gives a Polenske s'alue of 35 to 38, and palm-kcrnci oil 
from 0 to 10, whereas butter-fat gives o mueh lower \*nlue, os is seen 
above. Polenske states that each Increase in the vah:c of 0*1 ml. on the 
figures sho^m in the Table corresponds with an addition of l per cent, of 


The Kirschner Value is n measure of the soluble volatile fatty acids 
obtained from an oil or a fat having 'vatcr-solublc silver salts. The number 
indicates what proportion of the wlalilc fatty acids is due to butjTic acid, 
and therefore to Imttcr-fat, since the volatile fatty acids from coeoanut 
and palm-kemcl oils contain practicnlly no ImtjTic acid. 

Procedure. To the .solution, which has l)ccn ncutmlhcd by 0*1 N. 
harsda in the determination of the Rciclicrt-Mcissl value, add 0 5 gnn. of 
IMjwdcrcfl silver sulphate, insert the cork, and allow the flask to stand 
in the dark for one hour; shake occasionally. Filler and place 100 nil. 
of the filtrate In a 30fl*inl. Rcichert-Polcnske flask. Add 35 ml. of water, 
in ml. of the sulphuric acid previously u<e<l fp. 385) and a little pumice, 
and distil o\cr 110 ml. in a precwly similar svay to that described on 
p. 380. Filter, and titrate 100 ml. of the filtnilc with 0-1 N. sodium 
hydroxide or harjUa solution, using phcnolphthalcin ns before. If the 
volume of dccinormal alkali use<!, less that rcquirct! for the blank deter- 
mination Is X ml. ; and i/ ml. arc required for 100 ml. of the Reichert- 
McKsl distillate : 

, , 12* (100 + V) 

Klrsorinrr snlue - v .r. 

lO.OtM) 
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Example, The original Reichert-Meissl titration required 30>0 ml. 0 1 N. 
NaOH. The Kirschner titration required 15*0 ml. O-l N. NaOH ; blank 0-5 ml. 

.*. Kirscliner value = X 14-5 = 22-S. 

The ICirschner numbers for pure butter-fat vary from 19 to 26 and 
are generally proportional to the Reichert-SIcissl and Polenske values 
(sec Table, p._ 389). Cocoanut oil gives an average figure of l-O and 
palm-kernel oil of 1*0. Other fats and oils vary from 0*1 to 0*2. 

Bolton and Revis give the following figures to show the relationship , 
between the Kirschner \’alue and the Polenske value : 

Kirschner value (K) . . . 20 22 24 26 i 

Polenske value (P) ... . 1*6 2'1 2-6 3-2 | 

The formula P =: (K — 14) x 0-20 gives results agreeing excellently j 
with the mean figures. It may be safely assumed tliat if the Polenske ! 
figure is greater than (K — 10) X 0*26 the presence of cocoanut oil in ] 
butter-fat is established. \ 

The IQtschner value offers little' advantage over the Polenske \'alue , 
for the detection of cocoanut oil in butter, but shows if even a small ! 
proportion of butter-fat is present in a margarine containing cocoanut 
oil. This is because the Kirschner value for butter-fat is large compared 
with that for all other fats, owing to the presence of butyric acid in the 
butter-fat. 

The follo^ving equation was suggested by Arnaud and Hawley for 
calculating tlie percentage of butter-fat in margarine : If K *= Kirschner > 
figure corrected for admixture, K' = ICirsehner figure found, P *= Polenske ? 
figure found, and 0-5 the Kirschner figure adopted for butte^free , 
margarine ; then : , | 

K = (K' - 0-5) - ^ i 

100 K ' 

and, percentage of buttcr-fat »= ^ 


General Remarks on the Detection of Foreign Fats and Oils in Butter. A 
few qualitative tests (p. 417) should be carried out to ascertain whether ^ 
any of the following oils arc present. Tims, for sesame oil, Baudouin s 
test ; cottonseed oil, Halphen’s test ; arachis oil, Bellier’s test. _ ) 

In the quantitative examination of butter for foreign fats, considerab e | 
difficulty is experienced if cocoanut oil or palm-kernel oil is present; m j 
their absence the determination of the foreign fats is simple’'. Some mean | 
values for some common edible oils arc shown in the table on the followmS . 
page. ■ . J 

It will be noticed that the values for butter differ greatly from those or ^ 

the oils in the lower part of the Table, In the absence of cocoanu o j 

palm-kcmel oils, the percentage of foreign fats can be calculate’ ^ | 

the minimum Reichert-MeissI number 24, as follows : . fir ’ 

Let N represent the number of millilitres of decinormal alkali used ‘ j 
the neutralisation of the distillate from the butter-fat, and **"0 ' 

in millilitres of decinormal alkali required to neutralise the distillate m _ 


DUTrcTwy or romox tats ^ 

Table of ?Ican Values of some EiKble Oils awA Fats 


{PoTj'tJ3rr p. SOS) 



e 

1? 

w 

£ 

II 

2 

§ 

o 

J 

? 

c 

iS 

c 

> 

1 

1 

s 

i c 5 1 

I 

Butfer-fat . 

0 93S 


25 


227 

S3 

\ 

Cocoanut oil 

0 02i'» 

75 

10-5 

IS 

257 


y'KI 

Palra-kemcl oil 

0-952 

5 5 

9 S 

1-07 

210 

U'5 

>>9 S 

Cottonseed oil 

0 9.M 

below 1 

K'low 1 


193 

no 

05 5 

Sesame oil , . 

0 920 

bolow 1 

Ih'Iow 1 


192 

105 

05 7 

Arachis oil . 

0 9l7.’> 

below 1 

Ik'Iow 1 


I9.i 

90 

05 S 

Lard . 

0-93G 

0 0 

Ivelow 1 


190 

02 

04 5 

Boof tallow . , 

0 9t7 

05 

Ik-Iow 1 

— 

195 

43 

05 0 


^'ote. The analj'tlcnl methods for somcof thcnlH>\'e\iduri 
Iq the sections on Oils nnd Fats, ]i. 401 riscq. 


blank determination in nhich no buttor*fnl has hern nsrd ; tlirtn slnon 
5 grm. of normal buttcr-fat require 21 inU, ‘ 

1. The percentage of foreign fats » "* ~ !< I'Hh 


This formula does not allou* for the presence t)f volallle Tally iteitl't 
in margarine j but if tj represents the niimlK'f of inllllMlres of dcL’innrninl 
alkali required to neutralise tlic volallle fally acids in ft gi'in. of 
margarine, then 


2. The percentage of foreign fats « * *“ * ^ ^^ ■ ■ Vi ^ jpo, 

According to the Table, j/ varies from O-Q to 1 ; the higher Hgiirc I may 
then be used for the calculation. 


Cocoanut and Palm-kernel Oils. The Insoluble votatlle fully adds In 
the receiver of the ncichcrt-McMI niip.irntus should he examined } If lliey 
are liquid after being cooled to JS^C., cocoanul (»1I Is probaldy prrsenh 
The relation between the Kcfelicrt-MciHsl figure and the Foleiiske value 
affords the best method of dctcnnfnlrig this oil. 'I’hc Klrseluief value* 
which is a measure of the butyric add, Is niso of great nsslstanfe, WlifU 
palm-kernel oil is present together with cocoanut «»11, the delcffrd/ial Imr of 
the separate proportions is very difilciilt. 

Further information on this subject may be objalned froui the refere tiers 
on p. 519. 


Calculation of the Percentage of Cocoanut- ' JTni in a lattlet ndullemled 
with cocoanut oil only, using the lltic ! value } Ttie llelr/trfi- 
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Meissl value obtained experimentally »ras 21. Assuming th, r ■ ^ 
Me.«l value of pure butter-fat tube 28 and that of eoStSl to : 
If a; — percentage of cocoanut fat, 




butter-fat. 


Then 

a: -i- y = 100 

and 

® V »y 1 y 

loo ^ 100 

that is 

therefore 

and 

X 


X 28 = 21 


sy ^ 200 

t/==6p*7 

Hence the percentage of cocoanut-oi2 fat = 83'3, 
M ,» „ butter-fat . « 66*7. 


.viuf^San^ in a butter nduIteraW 
The YoJenske volite Reichert -Meissl and Polenske values : 

28 From the T h7 Reichert-Meissl number was 

^ tl e Table on p. 3S9 the corresponding Polenske ratio should be 

ceS°^tSf™T '’■* ““sponds svith an adulteration by 1 per 
W p« cent ' P«centage of cocoanut-oil fat .= (4-5 - 2.7) x 10 = 


Partial Analysis of Beer, Wine, and Spirits 

determined in en nitrogen present in the protein matter may be 
Prmessfn 4.Sl T .''^P»™«on by means.of the KjeldaU 


Process /n-4V;r“W‘eT‘“''',‘!“ T ''operation by means.of the Kjeldal 
the aDDrorim^r n "'JSht of nitrogen thus found is multipUed by O'S. 

P^r albuminoids win be obtained, 

of thfl necessary to determine the “ original gravity " 

in soliif in ’• ‘“'•‘“‘tes the relative amount of solid matter which was 

m Mlution in the •• wort " before it was fermented. 

the ,1™^^!"""“.*'°“ is usuaUy restricted to a determination of 

little dissolved matt because spirits contain very 


Alcohol ia Spirits. Determine accurately 
gKivity of the spirit at IS-S^C. (pp. 15-18), and then 
the measured volume to one-third of its original bulk to remove 

dictiiin/i ^ V make up to the original volume with freshly-boilc^i 

fit then determine its specific gravity 

4? ' specific gravity which the spirit would •oosscss, if ‘f 

1 trt its dissolved matter, can then be calculahd by adding 

RnJnm sP‘«t. “Dtl subtracting tills the 

^Jeen found for the diluted residue. From the 


a'?.'!?,' P™P»rt‘on of .ulcohol in the spirit con be found by reference « 


Alcohol Tables (pp. 600 and 601). 


Ks^^wWd.’S,' sravity of a sample of brandy wm 0 03333 ; tte 

ch was left after evaporating a measured volume of the brandy to 
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one-third of its volume was made up to its original volume with distilled water, 
and then bad a speciGc gravity of 1-00328. Hence the speciflc gravity of the 
brandy, if it were deprived of its dissolved solid matter, would be 
1-95528 — 1-00328 = 0-05200. 

From tha alcohol Tables it is found that this specific gravity indicates the 
presence of 33-25 per cent, by weight of alcohol in the brandy. 

Determination of the Alcohol in Beer and Wine. As beer and wine 
contain considerable amounts of dissolved matter, it is not possible to 
determine their alcohol content by the indirect method given above. 

A volume of about 750 ml. of the 
liquid is freed from the greater part 
of the carbon dioxide which is 
dissolved in it. For this purpose the 
liquid is “ tossed ” by pouring it 
back^vards and forwards from some 
height out of one vessel into another. 

The liquid is then distilled in an 
ordinary flask attached to an elTiclent 
condenser, or in the special apparatus 
which is sho^vn in Fig. 114. This 
apparatus consists of a flask, about 
1 litre in capacity, which is connected 
by means of a fairly tvidc glass tube 
with a vertical condenser consisting 
of a spiral inner tube of glass sealed 
into a broad glass jacket. 

Procedure. Measure 250 ml. of the 
'• tossed ” licpiid into the distillation- 
flask and connect the flask svilh the 
condenser and receiver ; heat the 
flask with the flame of an Argand 
burner, until the liquid boils gently. Fio. 1J4. REvnNUE Still for Beer 
■\\Tien about tsvo-thirds of the . or. IVine. 

liquid have distilled over, transfer the 

distillate to a measuring-flask, make it up to the original volume of the 
liquid with distilled water, and mix it well. Then determine the specific 
gravity of this liquid at 16-5® C-, either by direct weighing, or by means 
of a delicate hydrometer (p. 18). 

The amount of proof-spirit or of obsolute alcohol which is present 
in the liquid may be ascertained by reference to the Alcohol Tables 
(p. 500). In these Tables the specific gravity of water is taken as 1 . 

The residual liquid in the distillation-flask is allowed to cool ; it is 
then diluted to the original volume of 250 ml., and its specific grav’ity is 
determined at 15 5 C. The number thus obtained is used in calculating 
the “ original gravity ” of the beer. 

Calculation o/ the “ Original Graoity ” of Beer. The “ original gravity ” 
of a beer is the gravity of the wort from which the beer has been prepared. 
During the progress of fermentation, a part of the sugar present in the 
wort is converted into alcohol, with ev-olution of carbon dioxide. Conse- 
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quently the beer has a lower sx>eciflc gravity than the wort from which it 
1ms been brewed. The specific gravity of the wort which would be required 
to produce a liquid of this specific gravity is determined by reference 
to the Table below, in which the degree of “ spirit indication ” is the 
difference between 1000 and the specific gravity of the alcoholic 'distillate, 
the specific gravity of water being taken as 1000. 

The number thus obtained is added to the specific gravity of the liquid, 
w'hich was produced by diluting the residue left in the distillation flask 
to 250 ml. The resulting number represents the original specific gravity 
of the •wort. 


Spirit Indication Table, showing Degrees of Gravity Lost 


Degrees 
o{ Spirit 
(ndlcatlon 

00 

01 

02 

03 

04 

05 

06 

07 

08 

(Ifl 

0 

0 00 

0 42 

0-85 

1-27 

1*70 

2-12 

2 55 

2D7 

3 40 

3 82 

1 

4 25 

4-67 

5- to 

6-52 

6-95 

6 37 

6 80 

7-22 

7 65 

607 

2 

8 SO 

8 94 

9-38 

9-82 

1026 

10-70 

1M4 

11-58 

12 02 

12 48 

3 

12-90 

13*34 

13-78 

14-22 

14-66 

15-10 

15 54 

15 98 

16 42 

1686 

4 

17-30 

17*'/5 

18-21 

18-60 

IQ-19 


nn 




6 

21*85 

22 30 

22 








6 

26*40 

26-K6 

27 








7 


«. 

*'• 








8 


1 









9 



}• 

1 • 







10 





, 

, 





11 











12 

, • • 


, 



, 





13 






1 





14 





,« 






15 












7i) tiO 

- 


- 1 

- 1 

“ 1 

-I 

-I 

- 1 

Z.I 


Example. If the specific gravity of water be taken as 1000, the gravity 
of the distillate will be less than 1000 ; suppose it to be 080-33. This numwr 
is deducted from 1000 and gives the “spirit indication,” which in this 
10 07, On referring to the table it will be seen that the corresponding numwr 
is 48-24, which represents 'the number of degrees of gravity lost in the production 
of the spirit during the fermentation of the %rort. ' ^ 

If the specific gravity of the diluted residue from the distillation was 1023-*-> 
the “ original gravity ’ ’ of the beer would be 

1023-42 + 48-25 =* 1071-60. 

Acidity of Beer. Determine the acidity of 100 mi. of the “ tossed 
beer by means of 0*1 N. NH4OH solution, using neutral litmus-paper as 
an indicator. This gives the total acidity. Then evaporate another 
portion of the beer to dryness on a water-bath ; make it up to its origin^ 
volume and determine the acidity, which is due in this casd to the nofl* 
volatile acids present. The non-volatile acids are usually expressed a ^ 
lactic acid, and the amount present can be calculated as a percentage b) 
multiplying the number of millilitres of ammonium hydroxide used^ by 
0-009. \ The difference between the number of millilitres of ammoniunj 
UydroMde used in the two detenninations will give the amount 0 
volatile\acids ; this is usually returned as acetic acid, and is calculated a"* 
a percentage by multiplying the number of millilitres by 0*000. 
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If the total acidity of beer expressed as acetic acid exceeds 0-1 per 
cent., allo^vancc for it must be made in calculating the “ original grasity ” 
of the beer. For the method of applying this connection refer to Lloyd 
Hind’s treatise on the subject (p. 510). 

Salt in Beer. Sodium chloride i$ a normal constituent of beer and the 
average amount is about 50 grains per gallon ; it is rarely added ns on 
adulterant noa'adays. 

Es'apomtc 25 ml. of the beer to dryness in a platinum dish with 0-1 grm. 
of pure calcium hydroxide, and ignite the residue gently over an Argand 
burner until a grey asli remains. Triturate this residue in the dish svith 
a little boiling svater, and heat it on a water-bath for half an hour. Then 
transfer the whole with the svashings to n lOO-ml, flask, moke up to 100 ml., 
shake well and allow the solid matter to settle. Transfer SO ml. of the 
clear liquid to a flask, odd a few drops of phenolphthalein solution and 
titrate with dccinormal nitric acid until there is only'n faint pink colour 
iri the liquid. Add a few drops of potassium chromate solution and 
titrate the chloride with standard silver nitrate solution (p. 103). 

The concentration of salt is expressed in grains per gallon ; that is, in 
parts per 70,000. 


Analysts of Sugar 

In the chemical examination of commeraial sugars it Is usual to 
determine moisture, ash, sucrose or^ne sugar, and reducing sugars or 
glucose. Raw canc sugar, raw beet sugar or moist brown sugar may be 
used for practice in the methods of analy'sis descril)ed below. 

Moisture. Weigh accurately 3 grm. of the sample in a weighed flat dish 
of nickel Of other suitable material ; heat In an air-oven at 103* C. for 
tlirec liours, cool In a desiccator and weigh. From the loss of weight 
calculate the percentage of mOMurc. 

Ash. Weigh out accurately 3 gnu. of the sample in n tared platinum, 
silica or porcelain dish. Four 1 ml. of concentrated sulphuric acid (free 
from non-volatilc matter) over the sugar, add about an equal volume of 
water and heat carefully until the carbon rises ns a porous sponge. 
Incinerate the mass at a.dull red heat. In order to burn off the carlron 
completely, toss-anis the end It may be nccessaiy to stir witl> a stout 
platinum srirc. It Is usual to deduct onc-tenth from the weight of the ash 
i)cforc calculating the percentage in the Kimple. If the srciglit of sugar 
taken svas exactly 3 grm., the corrected percentage Is ohtainc<l by multi- 
plying the svright of the ash by 30. 

Sugar. Tlic sugar content of the sample may Ik; determined either 
chemically or by means of the pohrimeter ns follows. Tlie latter mctho<l 
is the faster and more necuratc. 

Determination o! Sucrose by Chemical Methods. The main constituent 
of onlinary sugar is sucrose. This cannot be dctcrminc<l directly, but 
has to be flrsl convcrtwl into “ glucose ** by the action of a dilute acid : 
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The process is known as.“ inversion,’* a name which is derived from the 
fact that whereas a solution of sucrose rotates the plane of polarisation of 
a beam of polarised light passing through it to the right, after the solution 
has been treated ^vith acid the plane of polarisation is rotated to the left 
(see below). 

"Note. The product of “ inversion ” is actually a mixture of dextrose (glucose) 
and levulose in equal amounts, sometimes called “ invert sugar.” Dextrose 
and levulose each has the formula CeHjjO, and each reduces Fehling’s solution, 
For convenience, the mixture is referred to below as ” glucose.” 

The glucose formed by inversion is then determined volumetrically or 
gravimetrically by means of its reducing notion upon Fehling’s solution, 
an alkaline solution of copper. During the reaction the blue colour of the 
Fehling’s solution disappears nnd red cuprous oxide is precipitated. In 
practice, the glucose originally present In the sugar is first determined ; 
then, after inversion, the total amount of glucose is again determined. 
From the difference between the two, the amount of sucrose is obtained.- 

Precautions. It should be noted that solutions containing about 0-2 per cent, 
of glucose give the most consistent and accurate results in this method. If 
•« jry much in concentration 

' • . • . yield constant results, or 

are comparable with one another, when they are wrried out under precisely 
similar conditions ; it is therefore necessary that the Fehling’s solution should 
be standardised under exactly the same conditions ns those under which the 
determinations are made. It must also be remembered that the reducing powers 
of the various sugars are different, even if the conditions remain the some. 
Thus, taking the copper-reducing value of invert sugar as 100, the amounts 
of the different sugars necessary to effect the same amount of reduction ate 


respectively : 

Invert sugar 100 

Levulose 10-t 

Dextrose ....... 06 

Maltose ICl 


The above numbers arc based on the use of the weight of sugar and the conditions 
described below. 

Preparation ol Fehling’s Solution. Solution No. 1 is prepared by 
dissolving 69*28 grm. of crystalline copper sulphate in water and diluting 
the solution to 1 litre. 

Solution No. 2 is made by dissolving 846 grm. of crystalline Rochelle 
salt in hot water, mixing this with a solution containing 100 grm. ol 
sodium hydroxide, cooling the mixture, and making it up to 1 litre. 

Equal volumes of the two Solutions, at room temperature, are measured 
into a dry flask, and are mixed by shaking. The mixture is Fehling* 
solution. The solutions may be stored separately, and the mixture should 
be prepared fresh daily. 

The indicator formerly used was a solution containing ferrous ammonium 
sulphate nnd ammonium thiocyanate, but this must be used externally* 
it gives nn uncertain end-point, and it is affected by iron salts. R i’ 
therefore now usually replaced by a 1 per cent, solution of methylene blue 
(Lane nnd Eynon’s method) which, if used internally, is decolorised at the 
end-point. 
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Standardisation of Fehling’s Solution. A solution of 0*95 grm. of pure 
sucrose in 150 ml. of water is boiled with SO ml. of decinormal hydrochloric 
acid for one minute. The liquid is cooled, neutralised to phenolphthalefn by 
the addition of 30 ml. of decinormal sodium hydroxide solution, and diluted 
>vith water to 500 ml. It wU now contain 0-2 grm. of invert sugar in 
100 ml. 

Preliminary Titration. Treat 10 to 25 ml. of the Fehling’s solution 
in a 300-ml. flask with 15 ml. of the sugar solution in the cold. Heat to 
boiling ; after the liquid has boiled for fifteen seconds it will be possible 
to judge, from the bright red colour imparted to it, if nearly all the copper 
has been reduced. If it is judged that this is the case, add a few drops 
of indicator, and boil for two minutes. Then odd the sugar solution 1 ml. 
at a time, boiling for ten seconds after each addition until the colour of 
the indicator has been completely discharged. 

If after the treatment of the Fehliog’s solution with 15 ml. of the sugar 
solution there is much copper unreduced, a further 10 ml. of sugar solution, 
and so on, are added until it is considered unsafe to add a further large 
increment, when the rest of the titration is carried out as above. It is 
advisable not to add the Indicator until the end-point has been nearly 
reached. 

Standard Method. Ten or 25 ml. of Fchling’s solution in a 300-ml, 
flask are treated in the cold with almost tlie whole of the sugar required 
to effect reduction (determined in the preliminary titration), so that 
if possible not more than 1 ml. of sugar solution is required in addition. 
The flask is heated over a wire gauze. After the liquid has reached 
boiling-point, it is kept boiling for tiro minutes, and then, without moving 
the flask, 8 to 5 drops of indicator are added ; the titration is completed 
by the cod of another minute, so that the liquid boils altogether for three 
minutes without interruption. Tlie burette, irhich has an outlet tube 
bent twice at tight angles, is held in the hand over the neck of the flask 5 
a burette with a glass tap should not be used. 

T' • ' T ’ ' ■ ’ * ’ ■ T • ind Eynon in 

■ ■ i -he number of 

to 10 ml. of 


lllUiUtrc* 01 

SOluUOD. 

ss 

Invert lugnr 
+ 25 per cent 
of aucrose. 

Dextrose 


Maltose. 

L.C 10 ,. 

15 

50-5 

43-4 

401 


77-2 


20 

50 0 

43-2 

49-5 

52 5 

70 8 

G40 

25 

51-2 

42 8 

40 8 

52 8 

70 4 

64-5 

30 

51-5 

42-5 

50 1 

53 2 

70 0 

04-4 

35 

51-8 

42 2 

50 t 

53-4 

75 7 

&t-5 

40 

52 0 

41-8 

50 0 

53 0 

75-4 

C4-5 

45 

52 3 

41-4 

50-0 

53 0 

75-2 

G4-7 

50 

52-5 

41-0 

'5M 

54 0 

75-1 

Cl-9 


The titration should be carried out rapidly, and the upper part of the 
flask should always be filled with steam to prevent contact of the liquid 
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with air, or the Ciifi may rctlissoU'c. Near the end-point, the liquid h 
boiled for about ten seconds after each addition of the sugar solution. The 
first titration wll usually only gK*e an approximate result, and another 
will usimlly be necessary to establish t!ie end-point with accuracy. 

Determination o! the Sugar. The glucose originally present in the 
sample is first found by titrating 10 ml. of Fehling’s solution witli a solution 
containing a known weight of the sugar, varying from 1 to 10 grm. in 
100 ml. according to the amount of glucose present (see Precmiiions, p. 834). 

An aqjtcous solution of the sugar sample is then prepared containing 
10 grm. of sugar in 500 ml. ; 50 ml. of this are inverted by being heated 
with hydrochloric acid as described under Standardisation of Feltling'g 
Soluiion. The solution is nentraliscd, diluted to 500 ml., and is then 
titrated against 10 ml. of Feliling’s solution. 

The percentage of sucrose (S) is calculated by the focmula, 

^ 05{r-i) 

100 * 

where I' and I represent the percentages of glucose after and before 
inversion, respectively. From this the percentage by weight of sucrose 
can be calculated, because, since the relative weights of cane sugar arid of 
the glucose obtained from it by inversion are as 342 : 300, it follows that, 
if the ^veight of tJse glucose found is multiplied by this ratio (» 0'95), 
the sveight of the sucrose from which the glucose has been derived will be 
obtained. ^ ■~ 

p., . ‘ 7 - 


100 X 100 X 0-05 


4ir. 


the percentage of glucose 

lUO 

“ 5 X 24 

The solution of the sugar vms then inverted and neutralised, and then diluted 
untn the solution represented 0-2 prm. of sugar per 100 ml. solution ; 10 ml. of 
Fehling’}. solution required 27-S ml. of IhU sugar solution. Therefore the total 
percentage of sugar, as glucose, 

100 X 100 X 0 05 
27-5 X 0-2 ~ 

lienee the percentage of glucose equivalent to the onne sugar 
=» 00 Dl — 4-17 « 8C-T4 ; 
and the percentage of cane sugar 

*= 80-74 X 0 05 == 82-4. 


Gravimetric Method. Instead of titrating the sugar, its amount uiay^ he 


and the weight of cuprous oxide whicU it can precipitate. This will 
making preliminary experiments w»Gi a known weight of pure cane sugar ww«> 
has been inverted. The factors suggested for dextrose, levulose, and invert 
sugar ore 0 5405 for Cu,0, 0-4535 for CuO, and 0-5C34 for Cu, mid the weight 
of copper or or oxide of copper, when multiplied by the appropriate fartor, 
should give the corresponding weight of sugar. These factors, however, vory 
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mtl> the sugar and with differences in manipulation, and are, therefore, best 
determined in a preliminary experiment. 

Broivn, Morris and Alillar give the reducing powers of 0-1 grm. of reducing 
sugars in terms of Cu and CuO as follows : — 


Sugar. 

Cu in 
grm. 

CuO in 
grm. 

Invert sugar 

0 1941 

0 2430 

Lcvulose .... 

0 1862 

0 2331 

Dextrose .... 

0 2027 

0 2538 

Maltose .... 

0 1097 

0 1373 


filter papers (folded together to make a double filter), and washed tivice by 
decantation with hot irater, the precipitate being always kept under water to 
minimise oxidation. The filter is then crashed well with hot water until the 
filtrate is no longer alkaline to litmus paper, and dried in the oven. The pre^ 
cipitate is then transferred to a piece of glared white paper (as described on 
p. 51), the outer filter paper being used to wipe the glass funnel, and the papers 
are burned alone In a tared porcelam crucible. The precipitate is then added to 
the crucible and heating is continued for twenty minutes over a full flame, the 
crucible being tilted to allow free access of air. The crucible is allowed to cool 
in a desiccator for twenty • • * • . ^ 


Determination of Sugar by the Polarimeter. This method is based on 
the fact that a beam of plane polarised light, on passing tliroiigh a column 
of sugar solution, is rotated through a certain angle. This angle is 
dependent on the length of the column and on the nature and concentration 
of the solution. 

The specific rotation of a sugar is the rotation obtained when a beam of 
polarised light is passed through a column of the solution, 1 decimetre in 
length, the concentration of the solution being 1 grm. per millilitre. 

In practice, tlie rotation given by a solution of convenient concen- 
tration is obser\'ed and the specific rotation (a) is calculated from the 
formula : 


[«]d = 


100 X g 
l X C 


where a is the observed angle of rotation of the yellow, D line of sodium 
light, 

/ the length of the tube in decimetres, and 

c the number of grammes of the substance present in 100 ml. of 
the solution. 
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The specific rotation of sucrose, using sodium light (d) for illumination, 
Is 4 . (JO'S® nt 16® C. It follows that the amount of sucrose can be 
determined by observing the angle of rotation in the polarimeter under 
proper conditions, provided that no other sugar is present. 

It shotild be noted that the optical rotation of solutions of most sugars 
changes on standing, and only becomes constant after some time. Such 
solutions, however, attain their correct specific rotation immediately they 
arc hoiled. 


Saccharimeters. These instruments are polarimeters which have been 
gnidimtcd in “ sugar degrees,*’ so tliat the percentage of cane sugar can be 
rend off directly from the scale. Tlie “normal weight” to use for a Solell* 
Ventrke Saccharlmetcr is 20 grm. ; this is the weight of the cane sugar which 
must be dissolved In water to give 100 ml. of solution at 20" C., in order that 
the scale reading may give directly the percentage of cane sugar in the sample. 
Different forms of sacclmrimeter, however, have different “ normal weights ’’ 
of sugar. 


The determination of cane sugar or sucrose in a sample which already 
coJdains glucose is carried out os follows : 

A 10 per cent, solution of the sample is made and a direct reading of the 
rotation is obtained j the cane sugar is then inverted and the rotation 
given by the sample after Inversion is observed. In the first reading the 
observed rotation is dtie to the cane sugar and the glucose originaUy 
present in the sample. By inversion the cane sugar is bydrelj-sed and 
coiuvrled into a mixture of equal quantities of dextrose and le^vdose, and 
therefore the rotatory power of the solution is changed. 

The rotation due to sucrose Is obtained by means of Clerget’s formula, 
which Is b.a8cd on the rotation before and after inversion : 

^ _ lOOfD - I) 

142 GO - 0*5 

where S Is the rotation due to the cane sugar originally present, 

D e= the rending before inv'eision, 

I = the reading after inversion, 

I =s temperature, ®C. 


From this formula, S may be calculated, and the amount of cane super 
originally present in 100 ml. of the original solution may be found as 
folloAvs : 

Using the formula giwn on p. S97, get. 


GG-6 


’ / X c’ 


100 

66-5 


and since the observations arc carried out on a 
percentage of sugar in the sample is 

X 100 X S 

GC-5 X / 
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Then 

and hence c 


S 


lOrt rs — soil 

~ »>>5 X 12 


4 m\ 


100 X 4-TO 

- ^ 1 ^- •=* a (U1 m R 10 t^r of Jkj nijx 


Hence the percentape of cane snpir jn the sjTiip Mn< SO <1. 

The percentape of glueo«c present itiiy Iv* calc«latc»l «« MKoxx t 
The amount of glucose in 100 ml. of ^Uitkm, or in 10 gtnu. of the '«npnf »\ wip, 
as given by the formula, is : • 


100 [4 TO — a ,*>.TI 

4'J l<ii — It A X IP 


asT«, 


and tl«e percentage of glucose will theirfore I*e M S. 


Clarification. In pmetirt', commcrtial Miptr solultons niv somctlnu's 
so strongly coloured that It is ditllmll or Imitosslhlc to olilalu rcuiKugs 
in the polarimctcr until the solution 1ms Ih'cii suhjcolcd to n pri'Kiultmty 
treatment. Such solutions arc usually hliakcn well wllh a few uramnu's 
of animal charcoal and about 1 ml. of nlumhuprrcnui (iViifc) is ndiloil. 
The solution is made up to 100 ml., llUcml througli a dry paper, tejeiiliiy 
tlie first runnings, and examined hi a 2-deeinictrc tuhe. 

Xote. * • . • • ..... . ... , . ^ . . 

into two • • • *. 5 • lit 

ammonia • s • , • • ■ • 

of alum solution until a faintly acid reaction Isohliilttf'il, 

If the sugar solutions arc \x*ry Htroiigly etdoiiri'il a hiori' I’ffi'i'llva 
decolorising agent is required. IxskI Kubarclate snIiitiKit Is siillithle. This |s 
made by heating toputlicr HO gnu. of lead acetate, 10 gnu. uf lilliiti-U(> nml 
100 ml. of w.'itcr, cooling and allowing Hie solution to sidllc. 'J'lie clear llipitrt Is 
used, la amount Just sufllciciit to clarify and ilmdorJsc tlm sugar Hulitlluii. 

Inversion of the Cane Sufiar. Tlic liivrrMlim may he eiirrliil otil ns 
follosvs s Fifty millilitres of tlic flllercd sugar foliiUon are iiicnsiind Inin 
a flask which is gnidnatcd at fi5 ml. Tlie Kohitlon Is (lien iiiitdc up In 
55 ml. by the addition of concciilmicil liydrochlorle acid. 'Dils iicM 
liquid is now transferred to n conicnl llnsk, n tlicrrnnriiclcr Is Insetltd 
into it, and the liquid is licatcd on » sratcr'Imth to OH’C. lilid Is kepi id 
that temperature for ten minutes. 

The solution is cooled, made up iigiilii to BB ml., nnd the pf»hirJrrj' Icr 
reading is taken in a 5J20-nun. tiil»e. The use of tlic lougrT liihe avoids 
the necessity for correcting for the dJIulloti. 


Partial Analysis of Tea 

Tlie value of tea depends tijKin Its inherent qiinllly, and Upon Its 
freedom from ndultcralion. Tiie followlfig det/r/rilnnllons iiiniiU- it jndjp 
ment to formtfl on these p^dnts ; 

Water. Weigh out ncrurately nl^ait S grm, of fh^ f.'/wd'r^d l//i I/d// 
a pair of watch-glasses filled with a rllp«and h/at It In n slfa/n nvni iitifit 
the weight is constant. 

Aah. Incinerate the dried tea, little tiy little, In n we/pt,//J pUfitiUftt 
capsule or crudbic at as Icjw a temperature as and wf Iph f h* a* 

Tlie total weight of ash thus o?4ajned shonMnnt exfe^d (/-(,*, 



•too 
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SECTION XIII 

EXAMINATION OF OILS, FATS, WAXES AND SOAP 

Constitution of Fats and Oils. The natural fat$: nnd oils arc usually 
mixtures of the triglycerides of fatty acids of high molecular weight. 

Thus oli\e oil consists mainly of glycetyl olente or “triolein,” and 
is represented by the formula Similarly mutton fat 

contains the triglycerides of jKihnItic and stearic acids, which have the 
formula; CjIl 5 (O.CO.CijIIji)j mid CjIIjtO.CO.Cj^IIjs),, respectively, and 
are shortly named “ tripalmitin *' and “ tristcarin.” The pure triglycerides 
are prepared with difTicult}* from the natural products, but they have been 
synthesised and their pro|>crtics determined. ' 

Chemical Properties of the Natural Oils and Fofs. As has been already 
stated, most of tlic common fats nnd oils contain glycerides of palmitic, 
stearic and oleic acids, but there is considerable evddenee that the acid 
radicals in combination witli the three hydroxjd groups of the glycerol 
are not the same ; tlie natural glycerides arc thus said to be “mixed.” 
Even when they have been purified, the oils usually contain colouring and 
gummy matter, alcohols, and other oihsolubic substances which arc not 
saponifiable. These substances constitute the “ unsnponiftablc matter,” 
the amount of which rarely exceeds 2 per cent, of the oil or fat. The most 
Important of the unsnponifiablc substances are the alcohols, cholesterol 
and phj'tostcrol, wliich indicate the origin of the fat or oil. 

When the oils and fats have been prepared by s>-nthesis they are 
colourless, odourless, and tasteless ; but the purest natural products 
frequently possess a characteristic colour, taste, or smell. Solutions of 
refined edible products should be pracllc.al!y neutral to indicators. 

The natural glycerides either are liquid at atmospheric temperatures 
or their melting-points are low. All oils contain solid glycerides which 
separate out more or less completely on cooling ; an oil is then said to be 
“ demargarinated " (edible oil) or “ racked ” (cod liver oil). 

The natural oils and fats arc practically insoluble in water ; are only 
slightly soluble in cold alcohol ; and arc somewhat more soluble in hot 
alcohol. They are, with one or two exceptions such ns castor oil, freely 
soluble in most other organic liquids such as ether, light petroleum, carbon 
tetrachloride or chloroform. Their densities varj’ from 0 910 to 0 970. 
Wiien they are healed to 200® C. little cliangc occurs, except that poly- 
merisation of drying oils takes place. At higher temperatures the fats 
decompose, and at nnd above 300® C. the characteristic penetrating odour 
of acrolein is apparent ; at still higher temperatures fatty and aromatic 
hydrocarbons are given off in considerable amounts. 

Exposure to dry air has no effect upon oils and fats, but ordinary' damp 
atmospheric air in ^aylight exerts a marked influence on their composition. 
The change is most marked with diying oils such as linseed oil, oxj’gen 
being absorbed In large amount and the oil thickens and finally sets. 
The semi-drj'in'g oils absorb less oxygen, and tlie ordinary solid fats least 
of all. Exposure of the non-dryingoilsof lowmolecularweight (e.g., butter 
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of the ^7ax is tlien the same as tliat of the solution, which may be deter- 
mined by means of a hydrometer (p. 18). 

Petermination of the Melting-point. The determination of the melting- 
point of fats and oils is not generally of much value, since melting often 
takes place so gradually that it is difficult to decide upon the exact tempera- 
ture. i'hus some operators select the point at which the fat begins to soften, 
nnd others the point at which the fat becomes perfectly transparent. 
The determinations must nlways be made under precisely similar conditions 
in order to be comparable. 

For the determination of the melting-point of natural fats, the open- 
tube method (p. 18) may be employed. The fat 
is melted in order to insert it into the melting- 
point tube, but since a fat docs not again attain 
its normal melting-point for some time after it 
has been melted, twenty-four hours at least must 
be allowed to elapse before its melting-point is 
determined (sec also p, 18). 

For technical purposes the point at which the 
top of the column of fat becomes clear and shows 
a ntcniscus is taken ns the point of “ Incipient 
fusion,” and the temperature at which the 
column becomes clear that of “ complete fusion,” 
The relation of these two temperatures is of 
v’alue in judging the utility of a fht for certain 
purposes. 

The melting-point of a wax is more definite 
than that of a fat, and is of value ns a guide to 
purity. 

The Titre Test. The actual solidifiang- 
Firs. 115. TnuB Test, point of a fat or oil, as given by the temperature 
at which turbidity begins, is very difficult to 
observe. Advantage is therefore taken of the fact that, when a liquid is 
carefully cooled, tlie temperature %vill fall below the solidifying-point before 
solid separates out ; then, if the liquid is vigorously stirred, solidification 
accompanied by a rise of temperature occurs. The highest temperature 
reached is the solidifjing-point. 

It has been found, however, tlmt the mixed fatty acids derived from 
the fat or oil give much more deftnite results than the fat or oil itself, 
and these are accordingly used in the ** Titre ” test. The details of 
the method must be followed carefully if comparable results arc to be 
obtained. 

The Apparatus required (Fig. 116) is a test-tube, measuring 16 cm. by 
3-5 cm., supplied with a loosely-fitting cork through which passes n 
thermometer reading to 0’1®C. Tlie test-tube is inserted through a cork 
wliich closes the mouth of a large bottle, 10 cm. in diameter and 13 cm. 
high, so that it rests centrally with Its end 3 cm. from the bottom of the 
bottle. The bottle serves ns an air-jacket for the test-tube. 

Suiricfqnt of the mixed fatty ncids (30 to 40 grm.) is prepared from 
the oil byVhe method jjiven on p. 414. Ownt care must be taken to obtain 
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them as pure as possible, and quite free from moisture- The fatty acids 
are melted to a clear liquid by warming them on a water-bath, and enough 
of this liquid to cover the bulb of the thermometer completely, when the 
latter is in position, is poured into the test-tube. The liquid is allowed 
to cool. As soon as any turbidity is observed the liquid is stirred by means 
of the thermometer. This is carried out systematically by stirring tliree 
times in one direction, three times in the other and then continuously, 
taking care not to touch the sides of the test-tube with the thermometer. 
The temperature will rise sharply at first, remain steady and then begin 
to fall. The highest temperature reached is recorded as the solidifying- 
point. Duplicate determinations sliould not differ by more than O-l® C. 

The following are the** titres ’’(in'* C.)ofsome fatty acids : — 

Cocoanut Oil . 22 to 15 Olive Oil , 17 to 26 

Palm Kernel Oil . . 20 „ 25 Arachis Oil . . . 28 

Tallow (Beef) . . 38 „ 48 Cottonseed Oil . . 32 to 35 

Tallow (Mutton) . . 40 „ 48 Maize Oil . ... 19 

Palm Oil . . . 35 „ 45 Unseed Oil . . 18 to 20 

Lard . ... 42 Soj'a Oil ... 21 

The “ litre ” test is a standard test in the evaluation of tallo^vs. It 
is of use in choosing fats for soap manufacture, since, in general, the 
“ harder ” a soap, the higher the “ titro ” value of the fatty acids 
contained in it. 

Heat of Reaction with Solpbtirlc Acid (Mamneni Test). This is a 
simple and rapid test for a drying oil and is based on the fact that 
when concentrated sulphuric acid is mixed with a drjing oil, a greater 
rise of temperature occurs than when it is mixed %nth a non-drying 
oil. Results of great accuracy cannot be obtained, but the test is useful 
where only an indication of the nature of the oil is required. Comparable 
results can be obtained only when the experiments with different oils are 
conducted under exactly similar conditions. It is essential that the acid 
should always be of the same concentration, which must be not less than 
95 per cent., and that it should in every case be at the same initial tempera- 
ture ; the containing vessels should also be similar in shape and capacity. 

Prepare a “nest” of cotton-woof for a 200-mI. beaker, by placing 
cotton-wool or wadding in a larger beaker. Tlien weigh accurately 50 grm. 
of the oil into the smallcrijeakeT, and place this beaker and a bottle of 
concentrated sulphuric acid in cold water. As soon as the temperature of 
the oil and the acid are the same, take out the beaker of oil, dry it on the 
Outside and place it in the nest of cotton-wool. Stir the oil with a thermo- 
meter, take its temperature accurately, and allow 10 ml. of the acad to 
flow in slowly from a pipette. The acid must take one minute to flow into 
the oil, and during this time the oil must be stirred continuously. The 
highest temperature reached during this process is. recorded. 

In order to eliminate the error due to the use of acids of different 
concentration, the rise in temperature may be compared with that 
obtained by treating 50 ml. of water with the acid in exactly the same 
manner as the oil was treated. The rise in temperature durin" an 
experiment with oil is termed the “temperature reaction,” and this is 
referred to that obtained with water os 100 ; thus : 
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Rise of temperature mth oil x 100 

— = 7 : r- 7 — 7 Specific temperature reaction. 

Rise of temperature with water 

Among other physical characteristi<s of an oil or fat, the RelracliTe 
Index is one of the most useful for identification. For a description of the 
method of determination, see the references on p. S19. If it is desired to 
obtain this ^•al^e for a very small quantity* of sample (e.g., a few drops of 
oil) tins may coni’enient/y be done, rn'thout special apparatus, by placing 
a drop of the sample in a number of liquids, of known refractive index, in 
which it is insoluble ; the refractive index of the liquid in which the oil 
is invisible then equals that of the oil. Lists of suitable liquids are to be 
found in Hackh's Chemical Dictionary (p. 520). Alternatively, crystals of 
kno%m refractive index may be immersed in the drop of oil until one is 
found which is in\*isible. 


Water. Weigh accurately about 5 grm. of tbe fat or oil in a tared dish, 
about C cm. in diameter and containing a thin glass rod, which must be 
weighed with the empty' dish. Heat tlie whole in an air*oven at a 
temperature of from 100® to 110 ® C. until the weight is practically 
constant. 


The drying should be stopped as soon as two successive weighings agree to 
within 1 or 2 mgrm. This will usually' be the case after about two or three 
hours. If the heating Is continued further, some of the lower fatty aci^ 
may W volatilised, or possibly an increase in 
• “ weight may take place oaring to absorption of 

oxygen from the air. \MilJe the fat is being 
dried, it should be stirred from time to time, 
'N because any water which collects below the 

melted fat will cNTiporate very slowly, unless it 
is brought to the surface. 

^Vith ** drying oils,*’ which absorb oxygen 
readily from the air, 10 grm. of the fat or oil 
should be placed In a small wide-mouthed flask 
I and heated at 105® C. to 110 ® C. for thirty 

) minutes in a current of dry COj. 

If the oil contains volatile substances, proceed o* 
fm follows 


) ml. of the oil are measured out in fl dO'* 

, . ... t , ..r J WltQ 


a r tube.” the latter having 10 ml. of its lojrtr wii 

n I I graduated in 0-1 ml. (see Fig. IICJ. 

IS - \ A L loined to o condenser and xylene is poured down 

(j \ f y. until the graduated portion of the distilling-tu 

\ V y The round-bottomed flask is heated in an 
I — *' so that the contents distil. In doing so, the mo 

lie U DETEiurufA- is carried over and is condensed along mti 

nJr Wathr ijf xylene. ITie xylene overflows continuously nac 

PaiA*’ Waxes, the distilling-flask, but the drops of water coliec 
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the bottom of the graduated tube and coalesce. After boiling for about an 
hour, all the moisture will have been removed, and the vplume of water may 
be read off. 


Foreign Substances 

Impurities, such as mineral matter and animal and vegetable tissues, are 
determined by weighing the residue after removing the fat with a solvent, 
e.g., light petroleum or ordinary ether. 

Weigh out accurately into a flask 10 to 20 grm. of the dried fat, and 
shake this with light petroleum (B.P. 40“ to 00“ C.) ; pour the solution 
through a tared, ashless filter-paper, and wash the residue with fresh 
solvent until a few drops of the washing liquid, when evaporated on paper, 
do not leave a grease spot. 

Drj' the filter and its contents at 100“ C. and weigh. The mineral 
matter is found by igniting the filter and its contents at a red heat and 
weighing the ash ; the organic matter Is found by difference. 

The Mineral Residue may contain salt, chalk, clay, lime and alumina, 
the latter substances being derived from mineral soaps present in the 
fat. 

The Substances Soluble in Water may be removed by shaking from 
60 to 100 grm. of the original fat with hot %rotcr in a sepamting-funncl ; 
the water layer, which separates out on standing, may be tested for acid 
or alkali, and these substances, If present, may be determined volu« 
metrically. Evaporation of a portion of the aqueous layer will give the 
total amount of water-soluble substances, and the residue may be tested 
for metallic salts, soaps and starch by the usual methods. 

The Determinations of Fat and i^oreign Substances may be combined by 
using a Soxhlct extractor (p. 878) os is described below : 

Weigh out accurately from 10 to 20 grm. of the fat into n “ Soxhiet 
tliimblc,” or into a cartridge made by rolling a strip of fat-free filter-paper 
round a wooden cylinder and folding it in at one end. Fold n small filter- 
paper into a cone, insert this into the mouth of the thimble and place the 
thimble in the extractor. The filler-paper will prevent any solid matter' 
from escaping from the tliimble during the extraction. If a cartridge of 
filter-paper is used, pinch the top of the p.apcr together so ns to enclose 
the fat. 

Now pour 60 ml. of light petroleum (Il.P. 40“ to GO® C.) into the lower 
flask, which should have a capacity of aliout 150 ml., and pour the solvent 
nlso into the Soxhiet apparatus through the reflux condenser until it 
begins to siphon over ; heat the flask on a water-bath. The amount of 
liquid which condenses should cause the siphon to empty the reservoir of 
of the Soxhlct apparatus from 20 to 30 times in an hour. 

The extraction of the fat, which will require about on hour, is known 
to be coinplcle wljcn a few drops of the solvent, taken ns they come from 
the siphon, leave no grease spot when they are evaporated on filter-paper. 
As soon as this is the case, remove the thimble and distil the sohent from 
the flask of the extractor, emptsing this each time that it fills. >\’hen 
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the bulk of the solvent has been distUled off, dry the residual fat at 100® C. 
to 110® C. in a current of dry CO, until its weight is approximately constant 
(p. 400). If the fat is of known origin and tmlikely to be aHeeted by 
exposure to the air, it may be dried directly in an oven. 

Defection and Determination of InotgaiUc Substances Dissolved in the 
Fatty Matter. Oils and fats have the property of dissolving small quantities 
of metals and forming metallic soaps, and soaps of lead and manganese 
are often introduced into “ boiled oils.” 

Ten grammes of the fat are carefully incinerated in a porcelain dish and 
the residue is examined qualitatively. If the amount of ash is appreciable, 
an appro-jumate quantitative analysis may be carried out. Individual 
metals, e.g., iron, copper, lead, manganese, can he determined color!- 
metrically (see pp. 234 €t seg.). 


CHEMICAL EXAMINATION OP OILS, FATS AND WAXES 


The Acid Value 


The Acid Value is defined as the Number of Milligrams o! Fotassiom 
Hydtojdde which ate required to neutralise the Free Fatty Acids present 
in One Gramme of the Fat or Wax. Freshly-prepared animal oils end fats 
contain practically no free fatty acids, and vegetable oils from fresh seeds 
usually contain only small amounts, but the quantity of free acid increases 
on keeping, owing to hydrolysis and oxidation. The presence of free 
fatty acids in an oil or fat is always to be deprecated. It imparts n sharp 
and unpleasant flavour to edible oils ; causes corrosion when present in 
lubricating oils ; and is injurious In oils and fats used for pharmaceutical 
or medicinal purposes. 

For the determination, about 10 grm. of the fat or oil (Note 1), according 
to its acidity, are weighed accurately into a flask, and SO ml. of purified 
methylated spirit are added (Note 2). On the other hand, hard waxes 
should be rmrmed if necessary, and dissolved in 50 ml. of ether ; 50 ml. 
of the methylated spirit are then added. These solvents should be neutral, 
or allowance must he made for a blank titration on them. One millilitre of 
a 1 per cent, phenolphthalein solution is added and 0'5 N. potassium 
hydroxide solution is added from a burette until a pink colour remains m 
the liquid for a few seconds after it has been well shaken ; 0-1 N. alkali 
solution may he used If the acidity is low. Long'Continued shaking causes 
the colour to disappear owing to neutralisation of the excess of potassium 
hydroxide by saponification. 


The Calculation ol the Acid Value is shown by the following esarej^e : 
3-254 grm. of a particular sample of tallow required 3-6 ml. of 
potassium hydroxide solution : hence the free fatty acids present 
3-5 X 5-61 « 19-&4 milligrams of KOH, and, since the acid value (A) w 
weight of KOH in milligrams required to neutralise 1 grm. of tallow, 


If the nature of tlie fatty acid is known, its percentage maj ^ 
calculated from the following data. 
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1 ml. of normal KOH = 0*256 grm. of Palmitic Acid. 
»> >> i> = 0*284 „ Stearic ,, 

= 0*282 „ Oleic 


In this country the percentage of free acid is usually returned as if it 
were all oleic acid, and the acid in the above sample ■would thus be returned 
as equivalent to 


8*5 X 0 0282 
3^254 


X 100 = 3*03 per cent, of oleic acid. 


With cocoanut, palm-kernel, balassu and cohune oils the factor 0 0200 is 
substituted for 0 0282, and the free acid is returned as “ lauric acid.” 


Note 1. The presence of mineral acid may be detected by shaking the fat 
or oil TOth a little hot water, and noting whether the w'ater is reddened by a 
drop of methyl orange solution. Mineral acid, if present, should be removed 
at once by washing the fat repeatedly with fresh portions of boiling water. It may 
be determined by titrating the waslitngs, using methyJ orange as indicator. 

Note 2. The methylated spirit is purified by allowing it to stand over solid 
sodium hydroxide and then by distilling it. Before it is used, a few drops of 
phenolphthalein are added and then decinormal potassium hydroxide solution 
until a permanent faint pink colour is produced. 


The Saponification Value, or Koetlstorfer Value 
The Saponifleation or Koettstorfer Value is the Number of Milligrams of 
Pofassiom Hydroxide which are required for the Complete Saponification 
of One Gramme of an Oil, Fat or Wax. The following solutions are 
required : 

(а) Standard Hydrochloric Acid. A semlnormal solution. 

(б) Alcoholic Solution of Polassium Hydroxide. Dissolve 28 grm. of 
potassium hydroxide, which has been “ purified from alcohol,” in a little 
water, and make up the volume of this solution to 1 litre either with 
alcohol of 0*81 specific gravity, or with purified methylated spirit. Allow 
the alcoholic solution to stand for twenty^four hours, and then filter it 
into a litre bottle. Protect the solution from the air. This bottle should 
be closed by a perforated rubber stopper in -which is fittei^a 25.ml. pipette. 
A piece of rubber tube closed by a piece of glass rod is slipped over the 
upper end of the pipette. 

Procedure. ^Ve^gh accurately about 2 grm. of the purified and filtered 
fat into a 200'ml. flask. Then add 25 ml. of the alcoholic potash solution (6) 
by means of the pipette attached to the rubber stopper, allowing 3 drops 
to fall after the stream has stopped. Now attach a reflux condenser to the 
neck of the flask and heat it in the water-bath for about thirty minutes 
(at least one hour for a wax). Thecontents of the flask should just simmer 
and should be shaken from time to time. 

As soon as saponification is complete and the solution is clear, add 
1 ml. of a 1 per cent, solution of phenolphthalein and titrate the excess 
of alkali with the standard hydrochloric acid (n). 

At the same time cariy out a blank experiment, in which the same 
amount of alcoholic potash, delivered in the same way from the pipette, 
is heated in the same way as in the actual determination, and is finally 
titrated similarly. This is necessary in order to eliminate all sources of 
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disturbance, such as that due to the presence of carbon dioxide. The 
difference between the amounts of potash used in the two titrations is 
the quantity which is required to saponify the fat. The number of 
milligrams of potash which ^vould be required for 1 gnn. of the fat is 
' calculated from this. 

In an Actaal Determination with Olive-oil. the following results were obtained. 
Twenty-five ml. of the KOH solution were added to 1*532 grm. of olive-oil. 
After saponification, 12 ml. of seminormal hydrochloric acid were requir^ for 
neutralisation. In the blank test, 25 ml. of the alkali solution required 22-5 ml, 
of the acid for neutralisation. Hence the volume of potash solution required 
for the saponification is equivalent to 

22*5 — 12-0 = lO S ml. 
of seminormal hydrochloric acid, and contains 

_ 2^^ j. jjQjj . 

and 1 grm. of the oil would therefore require 
^94'S 

192 4 milligrams 

of KOH for its saponification. This figure is the « saponification ” value. 

The Saponifleation Value varies with the nature of the fatty acid ; the 
lower the molecular weight of the fatty acid radical present, the greater 
will be the weight of potash required for the neutralisation of a given 
freight of the acid, and the higher the saponification value. 

The saponifleation value docs not vary greatly for the same substance, 
but it te affected by the presence of free fatty acids, which tend to increase 
it, and by slight differences in the composition of the fats, which may 
arise from differences in locality and soil and from other natural causes. 

The Table on p. 608 shows the saponifleation values of the common oils, fats 
and waxes. It will be seen that waxes are characterised by low saponifica- 
tion values, and that therefore a ready means of distinguishing waxes 
from oils and fats is available. 

■_It will also be noticed that the majority of oils and fats have a 
saponification value which approximates to 303. Deviations from this 
number are clia^terlstic of certain oils ; thus while rape-oil and castor- 
oil have low saponifleation values, some of the lish-oils and butter possess 
relatively high values. Saponification values greater than 200 arc 
characteristic of oils of the cocoanut and palm-kemel groups. Values 
above 200 usually point to the presence of one or more’ of these oils in a 
mixture. • 

Unsaponifiable Matter 

The term ** Unsaponifiable Matter ** is applied to Substances which are 
Insoluble in Water and which cannot be saponified by Caustic Alkali with 
the production of Soluble Soaps. Oils and fats usually contain only sroa 
quantities of unsaponifiable matter. The method described below is only 
suitable for oils and fats, since neutral waxes, although they ore completely 
saponified by alcoholic potash, yield insoluble alcohols imd hydrocarbons 
which interfere with the results. After fats and oils have been saponified, 
the unsaponifiable matter usually remains dissolved in the soap solution, 
and It causes turbidity only when a large quantity of it is present. I 
may be extracted by shaking the solution with ether. 
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Procedure. Weigh out accurately about 5 grm. of the sample, add 
12-5 ml. of a 2 N. solution of potassium hydroxide in alcohol and evaporate 
in a glass dish on a water bath to dryness, stirring at the pasty stage to 
complete the saponification reaction. Dissolve the resulting soap in hot 
water, wash it into a 250-ml. separating funnel, and when cool add 50 ml. 
of ether. Slix the layers by means of combined rolling and inverting 
motions, so as to avoid the formation of an emulsion which may prove 
difficult to separate subsequently. 

Allow to stand until the two layers separate completely ; this separation 
may he assisted if any emulsion is present by adding 1 to 3 drops (not 
more) of alcohol. Run off the lower aqueous layer into a beaker through 
the tap of the funnel, taking care not to lose any drainings from the stem, 
and pour the top ether layer (which contains the unsaponifiable matter) 
into a flask through the top of the funnel. Return the contents of the 
beaker to the funnel, and twice repeat the extraction with ether in the 
above way, using the same beaker. Filter the combined ethereal extracts 
through a small dry paper into a smaller separating funnel, and shake them 
with 30 ml. of water, allow to stand, and when separation is complete, 
run off the bottom layer and pour the top layer into a tared flask. Wash 
both the paper and funnel with ether. 

Distil off the ether (e.g., in an empty Soxhlet apparatus), removing the 
last traces by bloAving air through the flask on the water-bath, and dry 
the residue for ten minutes in an oven at 105“ C. Weigh the residue, and 
reheat it until the weight is constant. As a precaution the original soap 
solution should be extracted once again with a fourth portion of ether, 
which is treated exactly as described above and the extract weighed 
separately ; if extraction is complete, the fourth extract should not exceed 
about 5 per cent, of the total extracts. 

The Table on p. 508 gives the percentages of unsaponifiable matter 
which are foxmd in a number of normal fats and oils. 

Note. With a wax, 10 grm. of sample are placed in a dish and 2 grm. of sodium 
hydroxide dissolved in 2 ml. of water, together with 100 ml. of alcohol, are 
added. The mixture is evaporated on a water-bath until pasty in consistency, 
when 10 grm. of freshly-ignited sand and 3 grm. of sodium bicarbonate are 
added. The mixture is well stirred and heated to drynesS. "When cool, the 
coarse lumps are ground to powder, dried in a bteam-oven, transferred to a 
■VV^tman extractor thimble and extracted with light petroleum (B.P. 40® to 
60® C.) in a Soxhlet extractor for two to three hours. If necessary, the mixture 
may be taken out, dried, ground up again and re-extracted. The extract, which 
has been received in a tared flask, is evaporated to remove the solvent, and dried 
to constant weight in the steam-oven. 

Determination of Mineral Oil in the Presence of Saponifiable OH. The 
separation of mineral oil depends on the fact that caustic alkali saponifies 
only the fatty acids. The mineral oils can be extracted after such saponifi- 
cation by treatment with light petroleum. 

Weigh out accurately 10 grm. of the oil into a 200-ml. “ resistance- 
glass ” flask. Add 10 ml. of a 50 per cent, solution of NaOH and 50 ml. of 
alcohol, boil the mixture for thirty minutes in a flask connected with a 
reflux condenser, and allow it to cool. Transfer the solution to a separator, 
and shake it with light petroleum (B-P. lower than 80° C.) 

Allow the lower aqueous solution to flow off into another separator and 
again extract it with fresh light petroleum. Mix the two petroleum solutions 



412 EXAMINATION OF OILS, FATS AND WAXES 


and wash them with 50 per cent. .alcohol to extract any dissolved soap; 
then pour the washed petroleum extract into a beaker, allow it to stand 
covered for a- fe^v minutes to allow any %vater to settle, and decant the 
solution into a tared flask. Finally distil off the solvent, dry the residual 
mineral oil at 100® C., and weigh it. This residue will include the unsaponi- 
flable matter w’hich w’as present in the ^-egctable oil, but the amount of this 
is generally negligible. 

Iodine Value 

The Iodine Value is the Percentage of Iodine lUonochloride which is 
absorbed by a Fat or Wax, expressed in terms of Iodine. The process 
described below is the Wijs modiflcation of the Hubl method. It depends 
on the fact that unsaturated aliphatic compounds can form additive 
compounds with the halogens, the extent of this combination depending 
on their_ degree of unsaturation. Thus the molecule of oleic acid, which 
contains one C = C group, absorbs two atoms of a halogen. 

It has been found, however, that in practice iodine is not itself absorbed 
by such compounds to the extent corresponding with the unsaturation, 
but that iodine with chlorine (as iodine monoehloride) is absorbed quanti- 
tatively. In the case of oleic acid, for example, the reaction which takes 
place is represented by ; 

CiiHaj COOH 4- ICI = C,,lIj,ICl COOH. . 

The following solutions are required : 

(n) Wijs* Iodine Solution is prepared by introducing 18 grm. of powdered 
iodine into a litre flask and shaldng them with about 750 ml. of the purest 
acetic acid, free from SO„ until solution is complete, warming on a water- 
bath if necessary, and diluting the liquid to 1 litre by the addition of mote 
acetic acid. One liundred millilitres of this solution are put aside, and a 
slow stream of washed and dried chlorine is passed into the remainder 
until the colour of the liquid changes to a clear orange. This change is 
quite sharp. The iodine solution which was reserved is now added gradually 
until the orange liquid again becomes distinctly bro^vn, and this solution is 
heated in a loosely-stoppered bottle in a water-bath for twenty minutes. 

Wijs’ solution can also be prepared accurately by dissolving 0 grm. 
of iodine trichloride in a litre of glacial acetic acid (of at least 09 per cent, 
concentration). The acid must be absolutely free from oxidlsable matter, 
tested as for (d). The halogen content is determined by titrating 5 ml. 
of the solution against dednormal sodium thiosulphate after the addition 
of potassium iodide and water. The bulk of the solution is treated 
10 grm. of powdered iodine and shaken to dissolve the iodine, and 5 ml. 
of this solution arc titrated with the sodium thiosulphate as before an 
the halogen content redetermined; tliis'should he about half os muci 
again ns that found in the previous determination. The iodine content is 
adjusted so that this limit is slightly exceeded, to ensure that no iodine 
trichloride remains. 

(6) Standard Sodium Thiosulphate Solution is made by dissolving 25 grm- 
of the pure thiosulpliate crystals in water and diluting the solution o 
1 litre. This solution is approximately decinormal, but must be stan 
ardised against potassium dichromate (see p. 155). 
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(c) Potassium Iodide Solution is made by dissolving 10 grm. of the 
iodide in water and diluting the solution to 100 ml. 

(d) Carbon Tetrachloride or Chloroform, free from oxidisable substances. 
No green coloration should develop when the liquid is treated with a little 
potassium dichromate solution and pure sulphuric acid, and the whole 
heated until the carbon tetrachloride (or chloroform) begins to boil. 

Procedure. The weight of the sample stated below is dissohed in 
5 ml. of the carbon tetrachloride (d), and the solution is placed in a 
stoppered bottle of about 200 ml. capacity. 

From 0-15 to 0*18 grm. of a drj-ing or marine animal oil. 

„ 0-2 „ p-3 „ „ semi-drying oil. 

,, 0*3 ,, 0-4 ,, „ non-drying oil. 

,, 0-6 ,, 1 „ „ solid fat. 

Fifty millilitres of the Wijs solution (a) are allowed to flow from a 
burette into the bottle. The mixture is then allowed to stand for at 
least one hour in a dark place (for two or three hours if the iodine value 
is very high). In order to avoid loss of iodine, the stopper of the flask is 
wetted wth the solution of potassium iodide (c). The amount of iodine 
in the liquid is then determined by adding 5 ml. of the potassium iodide 
solution (c) and 50 ml. of ivater, toking care to wash down the stopper, 
and titrating with thiosulphate, using starch solution as indicator. 

Note. It is essential to add at least three times the volume of Wijs solution 
that is required, to complete the reaction. 

A blank experiment, using the same volumes of the reagents in a similar 
stoppered bottle, should be carried out simultaneously. 

.. y}.i — ..1— II i Y-w 1.. •_« 1.. 


titration, 50 ml. of the iodine solution required 08-5 ml. of the thiosulphate 
solution. Since each milhlUte of thiosulphate solution corresponds ivith 0 0127 
grm. of iodine, 0-6 grm. of the lard had absorbed (98 5 — 68-1) X 0 0127 grm. of 
iodine, and 100 grm. would absorb 

30 4 X 0 0127 X 100 „ 

00 = e™. 

Accordingly the iodine value of the lard Avas 64-S. 


The iodine value of an oil, fat or ^vax is a constant quantity, but 
it varies with different kinds of fatty substances. It is therefore of 
great importance as a means of identifying the substance. The value 
does not alter materially ivith the age of an oil, unless some important 
chemical change, such as oxidation in the case of drying oils and of certain 
fish-oils, has taken place. 

The Table (p. 508) gives the iodine values of various oils and fats, and 
enables an unknown substance to be classifled. 


Soluble and Insoluble Volatile Fatty Acids 
The standard tests carried out are the Reichert-Meissl, Polenske and 
Kirschner values. A full account of these tests together with their inter- 
pretation is included in the section on “ Butter Analysis ” (see p. 385). 
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The Hehner Value 

The Hehner Value is the Percentage of Insoluble Fatty Acids and 
Unsaponiflable Matter present in the Fat or Wax. About 3 or 4 grm. of 
the filtered fat are accurately weighed into a flask and are saponified by 
boiling for an hour and a half under a reflux condenser with 60 ml. of 
methylated spirits and 2 grm. of solid potassium hydroxide. The contents 
of the flask are rinsed into a porcelain dish 'with boiling water. Saponifica- 
tion is known to be complete when the addition of a drop of water to the 
liquid no longer produces a turbidiy. 

The liquid is evaporated until it is pasty, to remove the alcohol ; it 
is then again made clear by adding from 100 to 150 ml. of water, and is 
acidified by adding dilute sulphuric acid. It is heated until the fatty 
acids form a clear oily layer, and is filtered through a 10-cm. filter which 
has been dried 'at 100® C. and weighed. The filter should be stout 
enough to prevent the fat from running through and rendering the filtrate 
turbid, and should have been previously half-filled with hot water. The 
fatty acids ore finally washed on the filter mth hot water until the 
last washing water does not redden blue litmus-paper. The filter with 
its contents is placed in a weighed beaker and heated at 100® C. for two 
hours, cooled and weighed. It is again heated for on hour and cooled 
and weighed, these processes being repeated until the difference between 
two consecutive weighings is less than I mgrm. 

Since all natural glycerides contain a small quantity of unsaponiflable 
matter which is soluble in water, the Hehner value is somewhat greater 
than ' the percentage of insoluble fatty acids. The amount of 
unsaponifiable matter, however, is usually negligible. The insoluble fatty 
matter in waxes may consist of Insoluble fatty acids and insoluble alcohols. 
This fact and the assimilation of water during saponification may cause 
the value to exceed 100. The Hehner value, therefore, is not usually 
determined for waxes, other characteristics being of greater use. 

The Hehner Values of most oils and fats approximate to 95, butter-fat 
and some other fats being notable exceptions to this general statement, as 
is shown in the Table on p. 508. 


The Neufralfeafion Value and Mean Molecular Weight 
The Neutralisation Value is the Number of Milligrams of 
Hydroxide which are required to react with One Gramme of the 
Fatty Acids. "When the saponification \’oIue does not exceed 195, the 
fatty acids obtained in determining the Hehner ^^alue (see above) may 
considered to represent the total fatty acids present in an oil or 
the saponification number exceeds 200, it is best to determine the m - 
values of the molecular weights of the soluble and insoluble acids separa e y 


(see below). _ * .. 

The neutralisation number is obtained by dissolving not less 
6 grm. of the fatty acids in hot neutral alcohol, and titrating the ^ . 
with 0-5 N. KOH solution (p. 408). It is necessary to boil the solut 
just before the end-point is reached, in order to decompose any lae 
formed during their preparation. 

Calculation. If M represents the molecular weight in 
acids, arid .4 the number of grammes of KOH required to neutralise i grm. 
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fatty acids, then 51 grammes of the fhtty acids will require 56-1 grm. of KOH 

56*1 

for neutralisation, or M : 56*1 : : 1 : and M = 

dr if B = the neutralisation number, or the number of milligrams of KOH 
required to neutralise 1 grm. of the fatty acids, then 
66-1 X 1,000 

M — g 

Determination oi the Potasaitun Hydroxifle Eqviivalent oi the Volatile 
or Soluble Fatty Acids. If the saponiflcation number exceeds 200, and 
consequently the Reichert-Meissl result is above 5, the volatile fatty 
acids are present in fairly large quantity, and cannot be determined in 
the distillate obtained in the Reichert-Meissl process, because only a 
certain proportion of them distils over. One of the following methods 
may be adopted. It is assumed that the volatile and soluble acids are 
identical, an assumption which is true of ordinary fats. 

(fl) Saponify S grm. of the sample with 60 ml. of 0 5 N. alcoholic potash, 
and determine the excess of potassium hj^roxide by titration with 0-5 N. 
hydrochloric acid (see Saponification Value, p. 409). The weight of 
alkali used in the saponiflcation represents the saponification value. 

Now remove the alcohol by evaporation, dissolve the residual soap 
in water, add excess of hydrochloric acid to liberate the fatty acids, and 
wash these acids with water to remove the soluble fatty acids as Is 
described under 'the determination of the Hehner value. Then dissolve 
the insoluble fatty acids in neutral alcohol, and determine their 
neutralisation value by means of O-S N. KOH. The difference between 
this value and the saponification value will give the amount of potassium 
hydroxide required to neutralise the soluble or volatile fatty acids. 

Thus 5 grm. of a butter-fal teq\dted 1,130 milUgrams of KOH for saponification, 
and the insoluble fatty acids required 920 milligrams. Hence 1 ,130 — 020 « 210 
milligrams of KOH were required to neutralise the volatile fatty acids. 

(6) Saponify 5 grm. of the sample in a flask with 60 ml. of seminormal 
alcoholic potash, and evaporate off the alcohol. Dissolve the residual 
soap in boiled water and add sufficient seminormal sulphuric acid to 
neutralise exactly the whole of the alkali taken. The volume of acid 
required should be determined by a blank experiment in which alkali 
alone is used, the blank being carried out simultaneously with the 
saponification of the fat. 

Now remove the soluble fatty acids by filtration and subsequent 
■washing, as in Hehner’s process ; the aqueous filtrate and washings 
should contain the whole of the soluble fatty acids in the free state, together 
with potassium sulphate and glycerol. The amount of potash required 
to neutralise these soluble acids can be determined by titrating this liquid 
directly with standard alkali, using phenolphthalein as the indicator, and 
taking the usual precautions against the presence of carbon dioxide. 

The Acetyl Value 

The Acetyl Value is the Number o! Milligrams o! Potassium Hydroxide 
which are requited to neutralise the Acetic Acid obtained hy the 
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Saponification oi One Gramme ot the AcetyJated Oil, Fat or Wax. The 
acetyl value measures the number of alcoholic hydroxyl groups which 
are present dn the original oil. It the glycerides are derived from fatty 
acids Avliich contain hydroxjd groups in addition to carbo:Q*I groups, then 
these free hydroxyl groups can also be acetylated. Ordinary fats and oils 
are practically free from the glycerides of hydroxy-acids, and, imless 
they have been exposed to atmospheric oxidation, tliey give acetyl values 
which are rarely higher than 10, this in part being due to the presence of 
Sterols. Castor-oil, however, gives the very high value of about 100.. 

Waxes, on the other hand, contain free alcohols which react wth 
acetic anliydride, and the acetyl number of a wax is mainly due to the 
presence of these alcohols. 

Lewkowitsch finds that free fatty acids react upon one another in 
such a way as to increase the acetyl value, and he accordingly acetylates 
the original fat or wax instead of the fatty acids. . He recommends the 
following procedure ; Boil 10 grm. of the substance for two hours with 
twice its weight of acetic anhydride in a round-bottomed flask connected 
wth a reflux condenser. Pour the resulting mixture into a large beaker 
containing 500 ml. of hot water, and boil for half an hour, while p.issing a 
slow current of carbon dioxide through the solution to ^re\’ent bumping. 
Allow the mixture to stand and separate into two layers, draw off the 
water by means of a siphon, and boll the oily layer with three successive 
portions of fresh water. All the free acetic acid should be removed by 
this treatment. (Test with litmus to find out whether the last portion of 
washing water is free from acid.) 

Now separate the acetylated fat from the water, and remove the last 
traces of water by passing the liquid fof through a dry filter-paper, and 
then by heating it in a drying-oven. Weigh accurately 5 grm. of this 
acetylated fat and saponify it by treatment with 50 ml. of normal alcoholic 
potash, accurately measured (see under Saponification Value, p. 409). 
Evaporate the soap solution nearly to dryness to expel the alcohol; 
dissolve the residual soap in water, add SO ml. of normal sulphuric acid 
(exactly equhiilent to the alkali used for saponification), and then 0-5 ml. 
in excess. Warm the liquid gently until the fatty acids separate as an 
upper layer. Siphon off tlie aqueous solution through a wet filter, and 
wash the fatty acids with hot water until the washing water is no longer 
acid. Finally titrate the filtrate and washings irith decinormal alkali, ^ 
using phenolphthalein as the indicator. From the number of millilitres 
of alkali used, less 5-0 ml. (exactly equivalent to the sulphuric acid added 
in excess}, the number of tniiligrains of KOH which were required for the 
removal of the acetyl group from I grm, of the fat may be calcuk led. 

If the fat or oil contains glycerides of volatfle or soluble fatty acids, 
the value obtained by the above procedure would include the alkoa 
value of the volatile fatty acids. In order to find the true acetyl value 
in such a case, it is necessary to determine the amount of alkali wluch )s 
required to neutralise any soluble fatty acids which arc set free wli^^ 
the acetylated fat, after saponification, is treated ivith sulphuric aci » 
and to deduct tliis from the quantity obtained above. 

Tills may be dorie conveniently by carrjnng out a blank exponmen 
an 5 grm, of tlie unacetylated fat, taking care to use the same^ volume 
of Water for the final washing as that used to remove the acetic acid. 
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COLOUR TESTS FOR OILS 

Qualitative Colour Tests for Oils 

Many colour of tests for oils exist j the following are satisfactorj’ : 

Halphen’s Test for Cotton-seed OU. Introduce 2-5 ml. of the oiI» or 
of the liquefied fat, into a strong test-tube, and dissolve it in- an equal 
volume of anijl alcohol ; then add 2-5 rnl. of a 1 per cent, solution of 
sulphur in carbon disulphide. Fit a sound cork into the mouth of the 
test-tube, and secure the cork by binding a piece of linert over it with 
twine. Now heat the tube in a water-bath for thirtj' minutes ; a crimson 
colour will be produced in presence of 1 per cent, or more of cotton-seed 
oil or cotton-sced stearin. 

An estimate of the quantity of the cotton-seed oil present may be 
obtained by comparing the colour developed under the same conditions 
in tubes containing known amounts of the oil, though it should be 
remembered that all samples of cotton-seed oil do not give the same 
intensity of colour. Kap]ok oil is the only other common oil which is 
known to gis e a similar colour under the above conditions. 

Baudouin’s Test for Sesamfi Oil. Add powdered cane sugar, or 2 drops 
of a 2 per cent, olcoliolic solution of furfural followed by 10 ml. of con- 
centrated hydrochloric acid, to 5 ml. of the oil or melted fat in a test-tube. 
When the tube is well shaken, a crimson colour ^vill be developed if 1 per 
cent. OP more of sesame oil is present. In using this test for fat-mixtures, 
such ns butter and margarine, it should l>e remembered that colouring 
matters which have been purposely used in manufacture may glv'e n 
colour with IICI alone ; a blank test should therefore be made, using 
IICI only, and the result compared with that of the furfural test. This 
reaction is not given by any other oil. 

In certain Continental countries sesamd oil Is made an obligatorj- 
constituent of margarine, so that if sesame oil is detected in n fat, the 
presence of nrtrgarinc is indicated. 

BclUer’s Test lor Arachis Oil in a laquid Vc?etable Oil. The test is 
suitable for detecting arachis oil in oils, but not in fats. Solid animal 
and vegetable fats, with the exception of palm-kemol and coconnut oiK, 
interfere. The following solutions arc required : 

(rt) Alcoholic Potash. Dissolve 4 25 grin, of KOII, “ pure by alcohol,” 
in 70 per cent, alcohol, and make np to 60 ml. 

(6) Viliile Acetic Acid of such a concentration that 1-5 ml. svill exactly 
ncutnUise 5 ml. of solution (o). This Is prepared by diluting 14-5 ml. of 
glacial arctic acid to 60 ml. >vith distillctl svntcr. 

Procedure. Sa|K)nify 1 grm. of the oil in a large tcst-tul)c by heating 
it gently with 6 ml. of the nlcobortc potash, and shake the liquid well 
until it is clear. As soon ns the oil is f^aponifict], add 1*3 ml, of the acetic 
acid and cool the tulK* in natcr at 18® C. for not less than thirty minutes. 
Now add to the solution 60 ml. of 70 per cent, alcohol containing 1 ml. 
of conccntmtwl IICI I>cr 100 ml. Slix the liquids well and heat the 
niixttirr in writer at 18® C. for one hour. If arachis oil is present a 
distinct pivcipilatc will form, even if the sample contains only 5 per 
«fnt. of this oil. Other liquid ^•cgetnbIe oil;, gi\c at most only an opale- 
vxncc, but usually remain quite clear. OUsc oil sometimes gives n 

«iri».citiif. j4 
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Hrecipitate at first, but if it is then >varmed until clear and is placed in 
■water at IS" C. it does not reprecipitate, whereas arachis oil under such 
conditions will reprecipitate. 

Liehermann-Stoicli Reaction for Itosin. Boil a mixture of a few drops 
of the oil with 2 ml. of acetic anhydride in a small porcelain basin, and 
filter off the undissolved fat. Place the filtrate in a porcelain basin 
and allow sulphuric acid of l*53 specific gravity to drop gently on to tlie 
surface of the liquid. If rosin is present, a characteristic •violet colour is 
produced which fades to brown. Tliis test is very delicate. Cholesterol 
gives a similar reaction, but it is rarely present in fats in sufllcient quantity 
to interfere with the test. 

General Remarks on the Methods and the Results of Analyses 

In the examination of an oH, fat or wax, too much stress cannot be 
laid on the necessity for the greatest care and strictest adherence to the 
details of the methods employed. In some cases {e.g., the Reichert-hleiss 
method), empirical methods are used which depend for their success o 
strict attention to detail, and which give comparable results only whei 
such strict attention is observed. 

The methods described will give information sufficient to enable a 
imknown simple oil or fat to be assigned to the class to which it belon 
and in some cases will serve to identity it completely. 

If the substance to be examined is a kno^Tn oil, fat or wax, 
comparison of the properties and values obtained with tiiose given 
the Table (p. 508) will enable its purity to be assessed. 

If a mixture of several oils is being examined, the problem is much m 
complex and difBcult, and reference should be made to special books 
the subject (p, 610). The interpretation of the results of analysis t 
becomes a matter of weighing up the evidence supplied by each indivi 
test. As Bolton, to whom reference may be made in this connect 
puts it (Oils, Fats and Fatly Foods) : ” Analytical methods are some 
of the nature of detective aids to common sense and only a just appreci 
of the results will lead to success.*' 

SOAP ANALYSIS 

In an ordinary analysis of soap determinations of water, ‘f re 
combined alkali, fatty acids and insoluble matter will commonly s 
A more complete analysis would include the free fat, resin, glyceri 
certain other substances ; and an in'vestigation into the nature of th 
acids present. 

Preparation ol an Average Sample for Analysis. In preparing an a 
sample for analysis, great care must be taken, because the water i 
may be distributed throughout the mass, the outside of the'sample 
containing much lebs than the inside. 

A Sar of Soap may be sampled os follows : Cut the bar into eig 
by three cuts at right angles to each other through the middle of t 
Take two diagonally opposite eighths and cut them up into ve 
slices. Mix the slices thoroughly and place them in a stonnered h 
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■\rith three successive 10-ml. quantities of crater. It is then transferred 
to a -weighed 250-m]. flask, the ether is distilled off, the flask is dried in an 
oven to constant weight and the fatty acids so obtained are weighed. 

The aqueous solution and the washings are collected in a beaker, the 
ether is removed by heating on a -water-bath and finally the solution is 
boiled and reserved for the determination of the total alkali. 

Total Alkali. All the alkali Avill be contained in the aqueous filtrate 
obtained as above. The excess of standard acid is measured by titrating 
it -with standard sodium hydroxide solution. Since a known volume of 
normal sulphuric acid was originally added to the soap solution, the 
volume of acid corresponding -with the total alkali in the soap can now be 
obtained by difference, and from this the amount of the combined alkali, 
Na^O or KjO, may be calculated. 


sample. 

Matter Insoluble in Alcohol. Place 5 grm. of the average sample in a 
flat-bottomed dish, and dry them in a vacuum desiccator to constant 
weight. Dissolve the residue by wanning -it under a reflux condenser 
with 100 ml. of 95 per cent, alcohol, which has been neutralised to phenolph* 
thalein by the addition of NaOH solution. Filter the solution through a 
tared filter-paper and wash the residue well with hot alcohol to lemow 
soap, retaining the filtrate in a flask. Dry the paper and Its contents at 
100® C., cool in a desiccator and weigh. This gives the total insoluble 
matter, both organic and inorganic. The paper may then be ignited 
in a weighed platinum crucible in order to obtain the inorganic insoluble 
matter. If the soap contains silicate, the silica may be determined in 
this residue, or in a fresh portion of the sample (p. 274). 


Free Alkali. This may he present in the soap either as hydroxide 
(“ free caustic alkali ”), or as carbonate, sih'cate or borate. 

“ Free caustic alkali ” is determined in the filtrate obtained in the 
above determination. The filtrate is cooled and titrated against decinonnal 
hydrochloric acid, using phenolphthalein as indicator. 

The matter insoluble in alcohol (see 
present as carhonates, etc. Dissolve • 

■washing it thoroughly -with cold -water, 
solution. Titrate this -with dccinoimal 
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Resin. The original Twitchell method depends on the conversion of 
the fatty acids into their ethyl esters by tlicaction of alcohol in the presence 
of hydrochloric acid gas. The resin acids under these conditions remain 
unaltered. This process, liowever, is a long one, and rather difficult to 
carry out. It may be replaced conveniently by one of the follo^ving 
metliods, both of ivhich depend on -a similar principle. 

1. McNiclioVs Melhad. The following solutions ate required ; 

(а) A solution of naphthalene-^-sulphonie acid in pure methyl or 

ethyl alcohol (40 grm. per litre). 

(б) A 0 2 N. solution of potassium hydroxide in methyl alcohol. 

Two grammes of the mixed fatty and resin acids (p. 419) are dissolved 
in 20 ml. of the solution (a) in a 150-ml. flask, and boiled gently for thirty 
minutes under a reflux water*condenser- A blank on 20 ml. of the reagent 
is carried out at the same time. Both flasks are cooled and the contents 
titrated wth the 0-2 N. KOH, using phcnolphthnlein as indicator. The 
difference in the readings is a measure of the resin acids. The mean 
equivalent weight of the resin acids is usually taken as 340, so that 1 ml. 
of 0-2 N. KOH is equivalent to 0 0092 grm. of resin acids. 

2. Wolff's Method. Dissolve 3 grm. of the mixed fatty acids (p. 41D) 
in 20 ml. of pure methyl alcohol, and add 10 ml. of a solution containing 
one volume of sulphuric acid (sp. gr. 1*84) to four volumes of methyl 
alcohol. Boil for four minutes under a reflux water'Condenser. Coo], 
add to the liquid five time its volume of an 8 per cent, aqueous solution 
of common salt, and extract three times %vith ether. Wash the ethereal 
extract >vith salt solution until it Is free from acid (to methyl orange). 
Add 80 ml. of neutral ethyl alcohol and titrate ^vith seminormal potassium 
hydroxide solution, using phenolphlhalein as Indicator. The equivalent 
weight of the resin acids is again taken as 840. 

Potash Soap (Soft Soap). Since the alkali is present in this soap mainly as 
potassium oxide, tlie alkali must be calculated as KjO instead of as NajO. If 
both sodium and potassium are to be determined, the soap is decomposed 
by hydrochloric acid instead of sulphuric acid, and the alkali metals are 
determined in the filtrate from the fatty acids by the method given on 
p. 271. 

The Leeds Scheme of Analysis. A modification of the scheme devised 
by Leeds, which aims at carrying out the complete analysis on one sample 
of soap, is given on the next page. 

MINERAL OILS AND WAXES 

Mineral oils and waxes may be divided into two main groups : (1) those 
found in a natural state in the earth, of which the most important are 
petroleum and ozokerite ; (2) those produced by the destructive distilla- 
tion of mineral products, and in particular, shale oils and waxes from shale, 
and coal-tar oils and waxes from coal. 

All these oils and waxes consist of complex mixtures of hydrocarbons. 
In the process of refinement, they are separated into fractions which 
distil between certain temperatures, the various fractions being used 
for widely different purposes. Thus, the oily products obtained in the 
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fractional distillation of American petroleum may be conveniently divided 
into three classes ; (1) light oils, -with boiling-points below 150® C., used 
mainly as solvents or as fuel for internal combustion engines ; (2) kerosene 
or burning oils, wth boiling-points between 150® C. and 300® C., used 
ns oil for lamps or stoves, or in oil engines ; (3) oils with boiling-points 
above 800® C., used as lubricating oils, the cruder fractions serving as fuel 
oil. In addition, vaselin or mineral jelly is obtained, and the residue left 
behind in the distillation-still consists of pitch. Crude shale oils may be 
fractionated to give similar products and, in addition, to yield paraffin 
wax ; the latter is also obtained from certain petroleums and by the 
destructive distillation of lignite. Coal-tar oils, on fractionation, yield 
benzols and solvent naphtha, in addition to naphthalene, anthracene, 
creosote oils, etc. Ozokerite is a naturally-occurring wax which is known 
as ceresin after it has been refined. 

Tlie examination of mineral oils and waxes involves largely the applica- 
tion of physical tests, but a certain number of chemical tests are also 
employed. The chief physical tests are colour and appearance, specific 
gravity, range of distillation, viscosity, flash-point, calorific value, “ cold 
test,” ‘‘cloud test” and ” dcmulsification test”; and, in the case of 
Waxes, melting-point and solidifying-polnt. For these tests, standard 
ihethods have been laid down ; in these, the dimensions of the apparatus 
to be used and the conditions to be applied are carefully specified. For on 
account of them, reference must be mode to the books listed on p. 520, 
and also to the Standard Methods of Testing of Petroleum and its Products, 
issued by the Institute of Petroleum Technologists. 

The chief chemical tests are for ash, mineral acidity, acid %’olue, saponi- 
fication value, sulphur content and matter non-volatile above a certain 
temperature. The mineral acidity Is of particular importance in lubri- 
cating oils, since such acidity will probably cause corrosion ; a very low 
acid value, which is a measure of organic acidity, is also required for the 
same reason. Determinations of the acid value and the saponification 
value detect' oils of a fatty nature. Sulphur in oils is almost always 
objectionable. In oils, such as white spirit, used in the making of paints 
and varnishes it may react Avith the pigments and resins, causing 
darkening ; in high-grade petrol it is customary to restrict the amount 
of sulphur because of possible corrosive effects, particularly on the exhaust 
pipes ; a high content of sulphur in kerosene gives rise to an unpleasant 
odour on burning ; and in oils used for fuels, although the presence of 
sulphur is less objectionable, it leads to a distinct diminution in the calorific 
value and, in larger amounts it may cause corrosion in the cooler parts of 
the furnace. 

An indication is given below of the cliief tests to be applied in the 
examination of various petroleum products. 

1. Petrol. Specific gravity, distillation-range, mineral acidity. High- 
•rode petrol is also examined for residue on evaporation, sulphur content 
for the aromatic hydrocarbons content. The “ knock rating ” is on 
' int test here, as it gives an indication of the probable behaviour of 
■ol in an engine under working conditions. 

hUe Spirit. Flash-point, specific gravity and range of distillation, 
acidity and matter non-volatile at 100® C. Qualitative tests for 
1 nd freedom from grease are also applied. 
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8. Kerosetie. Flash-point, colour ‘ test, speelgc ^\ity and some 
practical ** burning test *' jnineral acidity and sulphur content. 7ht 
most important test is the ifash-point, since limits to this figure are laid 
dovm by larr, 

4. Gas Oils and Oils far Oil iSngines^ SpeciCe gravity, calorific \TiIue 
and flash-point ; mineral acidity, total acidity and content of hard 
asphalt (see below). 

5. Li^iicating Oils. These oils arc usually cjcamined in great detail, 
the methods to some extent depending upon the purpose for which they 
are to he used. Tlie most important test is that of vfacosity, since it is 
a rough measure of the lubricating toIoc. The “ (X)Id test " gives an 
indication of the temperature below which the oil ceases to nm ” ; if 
tills is unduly high, there is a danger that in cold weather the oil trill not 
flow to the part requiring lubrication. T^c “ cloud test ” determines the 
temperature at which solid wax separates out ; wax is harmful since it 
prevents the free flow of the ofl. The “ demulsification test ” measures 
the rate at which an emulsion, made of the oil nnd water, separates out. 
This test is of importaaee in testing steam-cylinder and turbine oils. The 
presence of traces of soaps or alkali salts may cause the emulsion to persist, 
in which case loss of oil is likely to occur in the cylinder, owing to loss of 
oil in the steam. The specific gravity is measured, since oils of low specific 
gravity are preferred for lubrication, other things being equal. The 
flash-point is a measure of the volatility and in general should be liigh. 
Lubricating oils ore also tested for their *' content of bard asphalt,’* which 
is of importance since its presence may lead to resinfficstion, resulting 
in the clogging of bearing and channels, and tlie formation of deposits in 
the cylinders of internal combustion endues. Other tests are for minesal 
acidity, acid value and saponification value, and iodine \iilue. The last 
determines rosin, and is used if rosin is detected in any quantity by a 
qualitfttiw test. 

e. Et/el Oils. Specific gravity and calorific ^Tilue ; sulphur content. 

7 , Paraffin nVte. Solidif^'ing-point ; mineral acidity, acid value and 
saponification value. 

fi. Mineral Jelly. FJnsh-point, ash, mineral acidity, acid and saponifica- 
tion values, >'oIatile matter, and melting-point. The last may be 
determined by observing tl>e temperature at which the first drop of the 
molten jelly detaches itself from tlie rest ; a special apparatus, of which 
that of Ubbelohde is an example, is used. 

A description of some of tte chemical tests is given below. Moisture 
end ash are determined by the.roethods given on pp. 406 and 408. 
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measure of the “ total acidity.” If the fatty matter present in the oil is 
known, then the percentage of saponifiable matter is given by : 

saponification value found ^ 

saponification value of the Catty matter 

Non-Volatile Matter in white spirit, petrol or petroleum jelly is deter- 
mined by heating 50 grm. of the sample in a shallow flat-bottomed dish 
on a boiling %rater-bath for one hour. The dish is dried and cooled in a 
desiccator and the weight of the residue obtained. 

Sulphur. The sulphur content of an oil may be determined by burning 
a known weight of the oil in a bomb calorimeter (p. 324) : 

0-5 to 1 grm. of the oil is accurately weighed out into the bomb crucible. 
If petrol is being used, it should be placed In some form of closed capsule 
to prevent loss by evaporation during the assembling of the bomb ; the 
material of which the capsule is made must be free from sulphur. Ten 
millilitres of distilled -water are plaeed in the bomb itself, the bomb is 
closed and oxygen is admitted slowly to a pressure of 25 atmospheres. 
The bomb is immersed in water during the firing of the oil, and is kept 
there for at least ten minutes after combustion has taken place. The 
gases are then allowed to blow off very slowly and the bomb cover is 
removed. The contents of the bomb are emptied into a beaker and the 
inside of the bomb is carefully %rashed, the \rashings also being placed in 
the beaker. The solution after filtering, if necessary, is diluted until its 
volume is about 250 ml. ; 2 ml. of concentrated hydrochloric acid and 
0*5 grm. of sodium peroxide are added and the solution is boiled. The 
sulphur, which will have been oxidised to sulphuric acid, is determined In 
the usual way as barium sulph.ate (p. 05). 

Another method, suitable for petrol or kerosene, consists in burning a 
measured -weight of the oil in a specially designed lamp, and leading tlic 
products of combustion through a solution which absorbs the volatile 
sulphur compounds formed. The sulpliur is oxidised to sulphuric acid 
which is determined in the usual way. For a description of this apparatus, 
reference should be made to Standard Methods of Testing JPetroIeum and 
its Products. 

Hard Asphalt. Five grammes of the sample are dissolved in 200 ml. 
of light petroleum, which must be free from .aromatic compounds and 
must boil bet^veen 40® C. and 60® C. The solution is shaken well and 
allowed to stand for twenty-four hours in the dark. It is then filtered, 
either through filter-paper or an alundum crucible, and the residue is 
washed with the light petroleum until the washings are colourless. The 
material on the filter is extracted with pure benzene, the solvent being 
poured through the filter until the runnings are colourless. The filtrate 
and washings are collected in a weighed flask, the benzene is distilled off 
on a water-bath, and the flask is dried in a steam-oven for two hours. 
Tlie flask is cooled in a desiccator and reweighed. The percentage of hard 
asphalt is calculated from the increase in weight. 

ESSENTIAL OILS 

Since essential oils' are natural products, their properties may vary 
o'er a ^\■ide range of values. Determinations of specific gra\ity, melting- 
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point, refractive index, optical rotation and chemical numbers follow the 
lines already described ; additional methods arc as follows : — 

'Solubility in Alcohol. Shake 1 ml. of oil in a graduated stoppered lO-ml. 
cylinder at about 20® C. with 80 per cent, alcohol, which is added 1 ml. 
at a time, until the drop has dissolved completely. Oils containing no 
terpenes or sesquiterpenes are usually soluble in less than 5 ml. of alcohol ; 
old oils, which have started to resinify do not give a clear solution. 

Distillation Tests are important as a means of detecting adulterants. 
The oil is separated under reduced pressure (20 mm. of Hg) into ten equal 
fractions, the boiling-points, refractive indices and odours of which are 
compared with those of fractions obtained from an oil of known purity. 

Evaluation of Odour, Drops of oil are spotted on filler-papers, which 
are placed in a slightly warm atmosphere so that a certain amount of 
natural “ fractional distillation ” of the constituents occurs ; the odours 
are noted from time to time, and in this way two oils may be compared. 
Since, however, the odours of essential oils are due to the presence of 
definite compounds, such as esters, aldehydes and ketones, determinations 
of these individually, tliough laborious, may proWde a better evaluation 
than on odour test., In addition It is usual to determine' specific constituents 
of certoin oils, such as cineole In eucalyptus ; and specific impurities, 
such as synthetic esters in oil of lavender. 

For further details see Allen’s Commercial Organic Analysis. 
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SECTION XIV 

DETERMINATION OF THE ELEMENTS 

Introductory Remarks. This section describes the most important 
methods employed for the ultimate nnalj'sis of organic substances. 

Carbon and hj’drogcn, the most conunon constituents of an organic 
compound, arc determined by burning a kno^vn weight of the organic 
substance and determining separately tlie weight of carbon dioxide and 
of water which arc produced. There Is no simple method for determining 
directly and accurately the percentage of oxygen present, but this is 
usually calculated by difference after the percentages of all the other 
constituents hn\*e been found. 

Several mctliods for determining nitrogen are described. Tlicy are 
of wide application as they arc also used In the analysis of manures and 
of agricultural products. Sfethods for the linlogcn elements, sulphur and 
phosphorus, arc also described. 

A.* 

In« ^ . .1 

book, arc directly or indirectly applicable to their determination in an 
organic substance. 

Determination of Carbon and Hydrogen in a Solid Organic Substance 

Organic Combustion Process. The method followed is a modinc.*\tion 
of tluit first described by Liebig. It consists in heating the organic 
substance to redness in a current of. air, and passing the products of 
combustfoh t/irougfi a faycr of heated copper oxide whereby the hydrogen 
is cons'crteil into water nntf the carbon oxidiseil completely to carbon 
dioxide. The water is absorbed hy calcium chloride, and tlie carbon 
dioxide in potassium hydroxide solution or by soda-lime. 

Apparatus for Purifying the Air and O^gen used in the Combustion. 
The apparatus (Fig. 117) consists of: ( 0)0 wash-bottle, (h) a diying;towcr, 
(c) glass tube with tap, (</) a hTr-’li-bottIc,'(e) glass tube svith tap. 

The air is stored in a gns-hoMcr .or In an nspirator over water. It 
is ncccssarj* to arrange the opparatiis sd that at one period of the 
combustion the air may be replaced by oxygen, and the most convenient 
srny of doing this is to duplicate the apparatus ns regartls («), (It) and (c). 
The ox>-gcn may Ik: dcliverwl direct from n cj-Iindcr, or it may Iw first 
transferred to n gas-holder. In the former case, a gltss 'rith one 

leg dipping into a few centimetres of mcrcurj* should l>c insertcti In the 
drj'Ing train In front of (o). Tliis nets ns n safety s-al\-c and controls 
4S7 
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the' pressure of the oxygen passing through the apparatus, preventing 
it rising above a chosen value (see also p. 304). 

The wash-bottle (a) contains concentrated sulphuric acid to dry the 
air. Tlie di^ng-tower {b) is filled ■writh granules of soda-Iime except 
for about an inch or so at the top, which is filled with anhydrous calcium 
.chloride. This tower removes carbon dioxide from the air, the function 
of the calcium chloride being to take up any moisture set free from tlie 
soda-lime in the process. The tap (c) aerves as the main control for 
regulating the flow of air (or o^^'gen). The wash-bottle (d) is also filled 
mth concentrated sulphuric acid, but as its chief function is to act as a 
gauge by which the rate of flow of the air (or oxygen) can be judged, 



its capacity need not be large. Tlie tap (c) is used for the final 
adjustment of the air-flow. 

"Where possible all-glass apparatus should be used. Hubber connections 
must be as short as possible and tightly-fitting rubber bungs should be 
used to ensure that the apparatus is free from leaks. 

The Combustion Furnace. Tlie combustion furnace may be heated cither 
electrically or by gas. A common type of gas-fired furnace consists of 
an irori frame^vork which supports a sheet-iron trough some 8 feet in 
length, under which is placed a row of Bunsen burners. The burners 
arc supplied from one gas inlet, but each can be controlled by its oim 
tap. The sheet-iron trough is lined with asbestos tape and on tliis tape the 
combustion tube is placed. The framework is so built that rows of fire- 
brick tiles which meet at the top may be arranged over the combustion 
lube. Wicn these arc closed they serve to concentrate the heat on the 
tube, and by removing them out of position any part of the combustion 
tube may be allowed to cool at will. 
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The Combustion Tube. • Cut off a piece of combustion tubing, about 
1 -2 cm. to 1 -3 cm. in internal diarncter, and long enough to project about 
5 cm. from each end of the furnace. Hound off the slxarp edges at the 
ends of this tube in the blow-pipe flame and “ lip ” them slightly so that 
they may take the rubber stoppers easily. As soon ns the glass is cold, 
cleanse the interior by washing it with n long-stemmed tube-brush in n 
stream of water, or by attaching a plug of cotton-wool to the middle of 
n piece of string about 5 feet in length, and drasring the wetted plug »>p 
ond do;vn the tul)C ; then rinse the tube well In a stream of water from the 
tap, n!\d dry it by heating it, at the same time passing a stream of clean 
nir through it. 

An Oxidised Copper Coil to prevent Diffosion is shown at d in Fig. lio 

(p. Wl). This is made 1 

a stout piece of copper 
diameter tliat it fits lo( 

wire arc twisted into loops, >vlucb enable the coil to be srithdmwn from the 
tube by means of a piece of hooked wire. Before it is introduced into the 
tul>c, the coil is repeatedly heated In tl>c blowpipe fiaime and cooled in 
the nir until it is completely oxidised. During a combustion it Is main- 
tained at n red heat, to bum any organic STipour which might diffuse 
baclnrards and which would othcrsrisc pass into the purifjing train. 

The Porcelain Boat shoum nt e (Fig. 110, p. 'Fll) mtist be of such a size 
that it can readily he ptislicd into the combustion tube. A platinum boat, 
C.g., made from platinum foil, may also l)c used. 

Copper Oxide. The copper oxide must l>c ])repared by the direct 
oxidation of metallic copper, usually by roasting short lengths of copper 
svirc in a current of nir. If the oxide has I>ccn prepared by precipitation 
or by the ignition of copper nitrate it is quite unsuitable for use In an 
organic combustion. Suitable copiKT-oxide ss-irc con be purchased. 

A Silver Coil and Copper Coil. A c>'ltndcr 8 cm. in length, which just 
passes Into the combiistion tulx*. Is made by tightly coiling the appropriate 
inclnl gauze or sheet (Fig. 110, g, p. -Wl). 

Tlie copper coil (sec p. 4,^8) should nlwaj's be used if the substance 
to be burnt contains nitrogen, and the stiver coil when the substance 
contains a halogen. The copper coil must "be treated ns described on 
p. 4.18 in onlcr to remove copper oxide from its surface. At a red heat 
the copper deoxidises any nitrogen oxide, and the silver retains any 
halogen which is cvoh’e<I during the combustion. Tliesc gjiscs would 
othcnri'ic i»ass Into the absorption tubes, and give rise to errors. 

Lead Chromate. If the sulKtancc contains sulphur, fused lead 
elimmatc, in the form of coarse granules, must l)c subslitutc<l for the 
eopjKT oxide. It Is preferable, IiowcsTr, to mix this with copper oxide 
wire ill the projwrtion of .'} parts of the ehronaatc to 1 of the oxide. In 
the nbsence of lead chromate, tlie sulphur dioxide formed during the 
t^>inlmstion uxiiild jiass on ns .‘?0, or SO, Into the absorption tubes. In its 
presence, it is rctaineil as lead sulphate. 
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Calcium Chloride Absorption Tube. The tube a (Fig. 118, below), 
for absorbing the aqueous vapour evolved during the combustion, contains 
granular calcium chloride, through which CO* has been passed until the 
weight of the tube has become constant (see p. 87), ^ 

Note. The greater part of the water wliich is produced during the 
combustion collects in the empty bulb on l!ie side-arm of the CaCl,-tube and 
is emptied out after each combustion as soon as the tube has been weighed. 
The calcium eliloride in the tube is thus prevented from becoming rapidly 
saturated with water, and one cliarge may be used for several combustions. 

Soda-Lime Tubes. These tubes, two of which should be used, are 
intended to absorb the carbon dioxide which is formed during the 
combustion. Three-quarters of each tube from one end is filled ivith 
granular soda-lime, the remainder of the space being filled with granular 
calcium chloride. The inlet and outlet tubes are loosely closed by plugs 
of glass-wool. Reference should be made to the description of the 
preparation of similar absorption tubes given on p. 87. 



FlO. 118. POTASU-BULBS AND DRYINC TUBD. 


All tubes and vessels containing absorbent material must be closed 
from the air, except when they arc in use or are being weighed. 

Potash-Bulhs. Thirty-three per cent, potassium hydroxide solution 
may be used instead of soda-lime as an absorbent for the carbon dioxide. 
The liquid absorbent presents the advantage over soda-lime in that the 
bubbles indicate the rate at which the current of gas is passing. A guard- 
tube containing granular calcium chloride must be attached to the further 
end of the bulb apparatus, and must be weighed ^vith it. This tube 
prevents moisture being carried away from the potash-bulbs during the 
combustion. 

Sodium hydroxide must not be used in these bulbs because the 
sodium bicarbonate which wll then bo formed is comparatively insoluble 
and will crystallise out, so choking the tubes. 

The bulbs with their calcium chloride tube ore shown in Pig. 118 (l>). A 
second, loiger, calcium eliloride tube (c) is attached to the small tube in 
to prevent its contents from absorbing moisture from the atmosphere ; this 
tube is removed during the weighing. The potasli-bulbs sliould be recliargca 
after every two combustions. 

The Combustion Apparatus is fitted up as follows •• About two-thirds 
(ft ilO) of the combustion tube are filled with copper-oxide wire, the 
pieces being shaken together compactly. The oxide may be kept in its 
place by means of coiled cylinders of copper gauze placed before and 
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behind it ; cacii of these cylinders is made by tightly coiling a strip of 
copper gauze, and is about 2'S cm. in length and of such diameter that it 
just passes into the combustion tube. 

SuIIlcicnt space must be left in the tube for the insertion of the coil 
(g), and the boat (e), and the diffusion plug (d). 

The tube is now laid on the asbestos tape in the iron trough of the 
combustion furnace, with its ends projecting about 5 cm. from the oven, 
and perforated discs of sheet-iron or of asbestos board are pushed over 
the ends of the tube to protect the rubber stoppers from the heat of the 
furnace. Tlie oxidised copper coil {d)is then introduced. 

ISro rubber stoppers arc now selected to fit the ends of the 
combustion tube. One stopper is perforated to receive a glass tube of 
millimetre bore, fitted with a tap (e, Fig. 117), which is connected by a 
short length of rubber tubing to the purifying train. The other stopper is 
bored to take the bulb-tube at the end of the calcium chloride tube, 
and this tube is inserted so that its end is flusli \vith the inner surface 

To COiCtt TUBS < 

Fio. 110. CoMBusnos TunR. 

of the stopper ; the stopper Is then pushed into the other end of the 
combustion tube. 

The soda-lime tubes are connected In series with one another and srith 
the calcium chloride tube by means of rubber joints, the soda-lime in 
each of these tubes being in the limb svhich is nearer to the CaCI|-tube. 
The glass tubes are made to touch one another within the rubber joints, 
which arc bound ssith copper binding-wire if they ore not air-tight. Potash- 
bulbs within guanl-tube may take the place of the soda-lime tubes. 

Now proceed to heat the Combustion Tube, containing the copper oxide 
and the oxidised copper spiral, to redness for at least half an hour with a 
current of purified air passing through it, In order to remove all combustible 
matter and moisture. Prove that its contents ore no longer evolving 
carbon dioxide or steam by attaching the absorption tubes, weighed as is 
ilescribcd below, and continuing to heat the oxide in the air-current for 
another half-hour ; it siiould be found that the tubes have not increased 
in weight during the above process. (iVole.) 

For this purpose, weigh the CnCI,-lube svithout its rubber caps or 
connections. As soon ns the weighing is finished, slip a little rubber 
tube, closed wlh a piece of glass rod, over each of its ends, to prevent 
access of otmosphcric air. Then u'cigh the soda-lime tubes separately, 
and immediately close them with similar caps or by turning their glass 
stopixTs ; or If potash-bulbs arc used, sw;igh-thcm togctltcr srith their 
g\inrd-tubc and then close the ends svith caps. 

Now connect these tubes sritb one onotlicr, and srith the combustion 
tulw, and regulate the si>ccd of the current of nir passing through the 
apparatus until the bubbles follow one another through the sulphuric 
acid (a, Fig. 1 17, p. 128) at such a rate that they can be easily counted. 
Remove tbe absorption tubes after they ha\-e been in connection 
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with tlie combustion tube for half an hour, and again weigh them. If 
any one of them is found to have increased in weight by more than a few 
tenths of a milligram, the " burning out ” process must be continued. 
Before the tubes are weighed, they should always be allowed to stand 
for half an hour near the balance-case, in order to reach equDibrium with 
the atmosphere. 

Nole. The combustion tube and copper oxide need only be tested when a 
ne^v combustion tube and/or its contents ore used, or when the tube hw been laid 
aside for some time. ^Vhen a series of combustions succeed one another at short 
inten'als, it is unnecessary to carry out the test each time. 

For practice in the Combustioti. Process weigh out accurately into tlie 
boat about 0*2 grm. of pure crystallised cane sugar, which has recently 
been dried in the steam-oven. Tlic boat should have been ignited 
previously and allowed to cool in a desiccator. Connect the parts of the 
apparatus together, push in the boat containing the sugar and the oxidised 
copper coil (d). The silver and the copper coils (g) may be omitted in 
this case, because sugar contains neither nitrogen nor halogen. 

Make ceztam that the apparatus is air-tight by stopping up the 
calcium chloride guard-tube of the potash-bulbs and turning on a slow 
stream of air. Bubbles ^rill at first be seen passing tlirough the wash- 
bottles and the potash-bulbs, but the stream should cease when the 
pressure has adjusted itself. Turn off the air and cautiously release the 
pressure. Start a slow current of air through the tube and begin to heat 
the copper oxide (/) to redness. The heating is best carried out as follows: 


combustion may be completely oxidised. 

As soon as the whole of the sugar is burnt, a current of air is allowed 
to pass slowly for thirty minutes to sweep out the last traces of carbon 
dioxide and steam, and to displace the oxygen completely from the 
absorption tubes. 

If any water condenses in the end (g) of the combustion tube, it may 
usually be removed by sliifting the screen from the end, so ns to allow 
the whole tube to become gently heated while the air current is passing. 
All the -water must be transferred to the calcium chloride tube by 
evaporation in the air current. The absoiption tubes are detached from 
the combustion tube rmd from one another, and their contents arc at once 
shut off from contact with the atmosphere. After they have been allowed 
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to stand for half an hour near the balance-case, each tube is weighed 
separately. , 

The increase of weight of the calcium chloride tube {o) gives the weight 
of water which has been produced, and the increase of weight of the 
soda-lime tubes, or of the potash-bulbs with their guard-tube (b) gives 
that of the carbon dioxide. 


soda-lime tube. i 

Calculation of the Besults. In a particular combustion, 0 2370 grm. of pure 
sugar was burnt. The c-alcmm chloride tube, which weighed 48-769 grm. before 
.. . the water formed during the 

■ • 1891 grm. before the combustion, 

Therefore the weightofliydrogen in the sugar =* cs 0 0154 grm . ; 

0 BC55 X 12 

And the weight of carbon in the sugar »» - ■' * =* 0 0997 gnn. 

Aceordingly the percentage of hydrogen =* ■= 0 50 f 

And the percentage of carbon « 42 07. 

The percentage of oxygen is found by difference. These results compare 
with those calculated from the formula for cane sugar, as foUons : 



Theoretical. 

Found, 

Error. 

Carbon 

. 1 4210 1 

42 07 

1 - 0 03 

Hydrogen . 

C-43 

6 50 

-f 0 07 

Oxygen 

. 1 51-47 1 

51-43 

- 0 04 


The Presence ol Nitrogen in an organic substance leads to the formation 
of oxides of nitrogen, which would be taken up in the absorption tubes. 
T6 prevent this, a copper coil (p. 438) Is kept at a red heat in the rear of 
the combustion tube (Fig. 110, g, p. 431). This coil decomposes any 
oxides of nitrogen whicli are produced. The combustion is carried out as 
above, care being taken that the copper coil is heated to redness before 
the substance begins to burn. The combustion of the charred substance 
'is finally completed in a current of oxygen. 

The Halogens present In an bionic substance are also evolved during 
the combustion in a condition in which they may remain in the absorption 
tubes. They should be completely absorbed by causing them to pass over 
a red-hot silver coil placed in the tube (Fig. 110, g), The halogens may 
also be dealt with as follows : 

Substances wliich contain Cl, Br, I, S, and P ore usually mixed with lead 
chromate which has been fused and powdered, instead of with copper oxide, 
and the combustion tube is filled svith granulated lead chromate in place of the 
copperoxide wire. The tube and its contents arc dried by heating them only 
to dull redness while n current of dried air Is passing ; the chromate must not 
he fused in this process. 
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The powdered substance, mixed with about six times its volume of recently 
heated, powdered chromate, is introduced into the cold tube. The oxidised 
copper coil is then inserted, the silver coil Js placed in the rear of the tube, and 
the combustion is carried out in a slow current of air. The main portion of the 
chromate is heated to dull redness, but about 10 cm. of it next to the boat 
containing the substance must be kept comparatively cool. As soon as the 
substance is completely charred, a current of oxygen may be passed to complete 
the combustion. 

A Volatile Solid Organic Compound must be burnt much more carefully 
than a non-voIatile compound like sugar. The substance must be intro- 
duced into the front of the combustion tube after the rear part of the 
tube has been Iieated to redness. By cautiously raising the temperature 
of the tube under the oxidised copper coil, and by reducing the current of 
air, the substance may be vaporised slowly, tlie vapour being oxidised in 
the layer of red-hot copper oxide. 

ATo/e. If the substance is liable to decompose explosively on heating, it should 
be mixed intimately with a large <iuantity of powdered copper oxide and packed 
into the tube as described on p. 4d8. The combustion should be carried out 
cautiously. 

Compounds containing alkali or alkaline earth metals should be mixed with 
10 parts by weight of powdered lead chromate j otherwise, on decomposition, 
they may retain a portion of their carbon os carbonate. 


Combustion of Liquid Substances 

A Liquid Organic Substance which is not very Volatile or hygroscopic 
may be weighed in a boat and burned in the usual way. Or it may be 
weighed in a small glass tube which is scaled at its lower end, and this 
may be closed loosely by a stopper consisting of a small piece of glass 
rod flattened out at the top (Fig. 120, b, p. 450), this tube is placed in the 
boat, and the boat is pushed into the combustion tube. 

A Volatile Organic Liquid is weighed in a little tube with a capillarj' 
opening, and this is introduced into the combustion tubC. 

The little tube is made by drawing out a short piece of glass quill-tubing to a 
canillarv bore in two parts about 0-0 cm. apart. One of the capillaries is then 
... . • . • • . • capillaiy 

■ ■■ . . ... . ^ quill-tube 

< ■ • . • .... '-less while 

... , . . . . I ■ down the 

open tube. t 

First the empty tube is weighed. The liquid is introduced into it in 
suitable quantity, by heating the tube and allo^ving it to cool with the 
end of the capillary immersed in the liquid. The end of the capilla^ 
tube is sealed in the flame, and the tube is weighed again. Its gain in 
weight will give the weight of the liquid which has been taken. 

A slight scratch with a file is made near the end of the capillary in 
order tliat it may be broken off easily, and the tip is broken off and placed 
in the boat together with the bulb in such a wTiy that the open end points 
towards tlie layer of copper oxide, when the boat is in the combustion 
tube. 
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A very Volatile Satstance should be weighed in o special tube, from 
which it may be allowed to escape as vapour into the combustion tube 
while the liquid is itself outside the furnace. A convenient device, made 
from a piece of ordinarj’ glass tubing, is shown in Fig. 120. The tube is 
first weighed empty, and again after 
the liquid has been introduced and 
both ends have been sealed. It is 
then placed either in a dish of cold 
water, or in ice and salt, according to 
the volatility of the contents. 'When 
the combustion tube has been heated 
to redness, the horizontal end (o) is 
opened, and at once pushed through a 
hole in the bung of the combustion Volatile Liquid. 

tube. It must fit this hole tightly. 

Yhc temperature of the liquid is allowed to rise and the vapour which 
will then form passes into the combustion tube and is burned. As soon as 
the liquid has volatilised, the upright end (6) of the tube is cut off, and 
air or oxj’gen is passed through the tube to sweep out all traces of the 
compound. 

UicrO'CombustioQ follows the above lines, but the detailed precautions 
involved arc considerable, and reference should be made to Prcgl’s book on the 
subject (p. 510). 

Determination of Nitrogen in an Organic Substance 

Tliree general methods for the determination of nitrogen In an organic 
substance arc available. 

The Soda-lime Jlcthod consists in heating the substance with soda-lime 
and determining the ammonia which Is evolved. This method is limited in 
application to certain tjqics of compounds, and is now generally superseded 
by the Kjeldahl method. 

The Kjeldahl method depends on converting the nitrogen into 
ammonium sulphate by beating the substance with pure sulphuric acid, 
and then determining the ammonia contained in the sulphate. This 
process, which can be carried out rapidly, is used for the determination of 
nitrogen in many substances, and especially in manures and vegetable 
products. It does not give quantitative results with nitro-, nitroso-, azo- 
nnd certain other types of compounds. 

The Dumas ractliod measures the nitrogen whicli is evolved when the 
substance is burned under suitable conditions with copper oxide. This 
method is of general application. 

Nitrogen by KJeldahl’s Method. The substance is first heated with pure 
Hilphuric acid, until the carbon and hjxlrogen arc completely oxidised 
and the nitrogen is converted into ammonium sulphate. The solution is 
then heated with an excess of sodium Iiydroxidc, and the ammonia evolved 
is absorbed in n knoum volume of standard^ocid and determined volu* 
metrically. 

Sulplmric Acid, free from ammonium sulphate and from oxides of 
nitrogen, Is required. The purity of the acid can bo nseertained by making 
a blank experiment ns is dcscri!)cd Mow, using sugar instead of urea. 
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For Practice, weigh out 0*7 grm. of pure, dry urea or acetanilide into a 
Kjeldahl flask of about 800 ml. capacity, pour in 20 ml. of sulphuric acid, 
add 8 grm. of dry, powdered, potassium hydrogen sulphate. Place a 
small funnel in the neck of the flask, heat the liquid until it is just boiling 
and maintain it at that temperature in a fume cupboard until the liquid 
becomes colourless. Tlie potassium bisulphate raises tlfe boiling-point 
of the acid and thus assists in the decomposition of the organic substance. 
The addition of a drop of mercury about half the size of a pea accelerates 
the reaction by catalj^is, and is essential with certain complex protein 
compounds. 

All the nitrogen of the urea is converted into ammonium sulphate by 
this treatment. The ammonia is expelled from this ammonium sulphate 
and is absorbed in the following way : The cold, acid liquid in the Kjeldahl 
flask is very carefully diluted wth water, transferred to a 500-ml. round- 
bottom flask, and diluted to about 400 ml. ; normal tap water is usually 
sufficiently free from nitrogen to be used for this puipose. A 5 per cent. 
solution of sodium sulphide is then added gradually, until the precipitated 
sulphide of mercury just starts to flocculate. This procedure avoids the 
retention of nitrogen as nitride, but as it also liberates hydrogen sulphide, 
an acidic gas, this must be blown out of the flask by means of a clean glass 
tube attached to a pair of bellows. The colour should then turn to deep 
black. Place the flask in position for steam-distillation and add carefully 
down the neck 80 to 90 ml. of 50 per cent, sodium hydroxide solution. 
Push the flask on to its stopper, and while it is in this position swirl it 
round to mix the contents, and at once turn on the steam. The distillate 
contains the ammonia, and Is collected In a measured excess of normal 
sulphuric acid, containing a little methyl orange os indicator, and the 
excess is titrated with norma! sodium hydroxide solution (sec p. ISl'). 
About 150 ml. should be collected. 

From the amount of ammonia obtained the percentage of nitrogen in 
the urea is calculated. 


*' -sis described 

■ nal sulphuric 

•om a burette 
■ rith 10 03 ml. 
• olution were 


10 03 X 250 
34- 


= 73-75 ml. 


And the volume of acid neutralised by the ammonia was 
100 — 73-75 = 2C 25 ml. 

Now since each millilitre of the normal acid corresponds with 0 017 grm. of 
NIIj, containing 0 014 grm. of N, the weight of nitrogen in tlie urea was 
26 25 X 0 014 ^ 0 3G75 


And the percentage of nitrogen in the urea 
0 3675 X 100 


hlicro-Ejeldahl Method. This method Is strongly recommended ns a Orst 
exercise'in micro-volumetric work, and it does not necessitate a micro-hiilnnce { 
the economies of time and materials are Jo be noted. 



NITROGEN BY KJELBAHL'S METHOD 


437 


The simplilied form of apparatus shown (Fig. 121 ) is similar m prmciple 
to that used for the macro-method. Thus D is the flask for raising steam, K 
serves the double purpose of a digestion- and dIstUIation-flask ; A is the condenser 
and E the receiver. Urea may again be used for practice, in which case 5 to 
10 milligrams ivill suffice. If a micro-balance is not available 1 or 2 ml. of a 
0-5 per cent, solution of urea may be pipetted directly into the flask K, which is 
IG cm. long and 1-5 cm. in diameter. 


n 



Boil off — • ' ' 

lOmilligK . , .... 

.1 drops o'" ’ . . 

about fifte 
K to the 
K downw 

NaOII car _ . 

they run do>vn the side of the flask, and do not meet the” acid until K is lirriiiv 
back in position again. The heal generated fay the mixture then enables 
distillation to be started at once, and it is complete when in five minutes or less, 
about CO ml. have collected in E, which should contain, say, 2 ml. of 0 01 N. 
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H3SO4. The excess of acid is back-titiated with 0-01 N. NaOH from a micro- 
burette. Allowance should be made for a blank experiment on the same quantities 
of reagents as xised- 


Nitrogen by Dumas’ Method. This method depends upon the measure- 
ment of the volume of the nitrogen which is evolved by the combustion 
of the substance.' It applies to the analysis of all organic compounds 
which contain nitrogen. 

The organic substance is heated mth copper oxide in an atmosphere of 
carbon dioxide. The constituent elements, nitrogen, carbon, and hydrogen, 
are then evolved as nitrogen, carbon dioxide, and steam, respectively. 
These products are passed through a cold, concentrated solution of 
potassium hydroxide into the measuring-vessel, in which the nitrogen 
alone collects as'a gas. The volume of nitrogen thus obtained is corrected 
for temperature and pressure, and its weight is calculated. 

The determination may be carried out either in an open or in a closed 
combustion tube. ^ , 


Open Combustion Tube. The following materials are required : 

(а) A Combuslion Tube and Pumace. 

(б) Magntsile in pieces the size of a pea; or pure, dry Sodium 
Bkarbonale^ 

(c) A 25<cm. length of combustion tujie sealed at one end. 

This tube Is lightly packed with magnesite or sodium bicarbonate, and 
connected by means of a two-bulbed class tube with the combustion apparatus, 
as shown in the diagram. When somum bicarbonate is used, the tube should 
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be clamped in an inclined position to prevent condensed water falling back on 
to the hot part of the tube and causing a fracture. The bend in the connecting 
tube contains a globule of mercury. 'When the magnesite or sodium 
bicarbonate is heated, the mercury moves backwards and forwards and gives 
an indication of the rate at which CO, is being evolved. 

(d) Copper Oxide in both the powdered nnd the wire form, freshly 
ignited. 

(e) A Copper Spiral, or a Roll of Copper Gauze, about 8 cm. in length, 
and of such diameter as just to fit the combustion tube. 

Immediately before use, the surface of the copper inust be completely 
from organic matter and from copper oxide. To do this, it is heated to redness 
in a blow-pipe flame and dropped, w^e red-hot, into a test-tube containing 
a little methyl alcohol. The tube, if enfolded in a duster, may be held in tnc 
hand. tVhen the alcohol has ceased burning at the mouth of the t«t-tuDe 
and the whole surface of the spiral is brightly metallic in appearance, the spiral 
is removed and placed in a hard glass tube which is connected by glass tubing 
through a rubber stopper to a filter-pump. The pump is turned on, the tube w 
gently warmed and allxtraces of alcohol are removed by evaporation unuer 
reduced pressure. Tlie spiral is then ready to be placed in the combustion 
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(/) A Schiff nitrometer in which the nitrogen may be both collected 
and measured (Fig. 123). ^ . 

It consists of a graduated lOO-rol. burette (A) which b supported in a heavy 
foot and is provided at the top with an accurately fitting stop-cock (c), lubricated 
with TOsclIn. The burette is connected by a side tube (q) snth a rcsers’oir (B) 
by means of a flexible rubber tube which has been soaked 
in melted paraffin wax. A second side tube (b) is connected 
with the burette at a point about an inch and a half 
lower down than the flrst (a) and b inclined upsrards. It 
Is fitted with a piece of rubber tubing furnished nitli a 
pinch-cock, which enables the side tube to be closed. 

Riercury is jioured in through the lower side tube (6) until 
it rises about 1 cm. above the joint, and the tube b closed. 

The reseiwoir (B) b charged snth a solution of potassium 
hydroxide, prepared by dbsolving the solid in an crjual 
weight of svalcr, the stop-cock (c) is opened, and the 
reservoir Is rabed until the potash solution tills the burette. 

Tlie stop-cock is then closed and the reservoir b lowered 
and is Axed near the bottom of the burette. 

For Praeiice in the Process weigh out 0-15 grm. of 
pure dry urea. Mix the urea intimately with some of 
the flnely-posrdercd copper oxide by shaking them 
together in a stoppered test-tube. 

The combustloo tube Is packed os described on 
p. 430, except that the mixture of the substance and 
copper oxide is introduced into the tube at e (Fig. 110) 
in place of the boat, ns follows : 

First pour about S cm. of powdererl CuO through a wide 
fiinnet into the combustion tube. Then add the urea mixed Fio. 123. SenifT 
siith CuO, so that the mixture occupies a length of about NirnOMETm. 

4 to 0 cm . } rinse out the test-tube srith a little powdered 

CuO, add this to the tube, and Anally add a little fresh CuO. The layer of 

P iwdcrcd CuO should occupy In nil a length of about 10 cm. of*the tube. 

lace the combustion tube in a horizontal position and tap it gently to render 
the lajer compact, but yet loose enough to permit the stream of carbon dioxide 
to pass rciuUly. 

The oxidisetl copper spiral is mlroduced nl the front end of the 
coinlmstion tul>c, the reduced copper spiral nt the rear end, and the tube 
is laid on tlic l)cd of the furnace ; the latter should be tilled slightly svith 
tlic front end raised so ns to prevent condensed moisture from running 
clown on to the hot part of the combustion tube. 

Connect the combustion tube to the source of the carbon dioxide, nnd 
gently licat the magnesite or bicarbonate, whereupon carbon dioxide is 
evohed nnd the air driven out of the combustion tube. IMicn nearly nil 
tlic air has l>ecn removed, the rear part of the combustion tube is connected 
by means of a short length of glass tubing to tlie side tube (b. Fig. 123) 
of the nitrometer nnd tlie pinch-cock is opened. v Wien only a verj’ minute 
bulilde ofnir remains from each bubble ofgas after it lias licen “ scrubbed ” 
by the soltitlou of potassium hydroxide in the burette, the carbon dioxide 
which Is coming tlirough may be considered free from air. 

Tlie n-ser\'oir (li) of the nitrometer Is then slowly raised to expel the 
air from tlic burette through (c) ; this must be done xerj- cautiously so 
that btihlilfs of gas continued to {Kiss,otlicrx\isc there is a danger of forcing 
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the potash solution through the side tube {&) and into the combustion tube. 
As soon as the burette is free from air and is full of potash solutioa, the 
combustion proper may be begun. 

This is carried out as described on p. 4S0. The combustion tube must 
be heated cautiously, the rote at TThich the ^rbon dioxide passes through 
the nitrometer being controlled to give three or four bubbles per second, 
and the reduced copper spiral must be red-hot before the substance 
begins to burn. As soon ns the evolution of gas from the tu-ea ceases, 
the nitrogen must be swept out completely by the current of carbon 
dioxide. 

The gas is ollowcd to stand in the burette for about an hour, with 
occasional shaking in order that the absorption of the carbon dioxide 
may be complete. The reservoir is taised to bring the surface of the liquid 
in it to the same level as that in the burette, the volume of the nitrogen 
is read and the temperature of the surrounding air and its pressure are 
noted. ' 

• The volume must be corrected for temperature and pressure, the vapour 
•pressure of the solution of potassium hydroxide being taken as one-half 
of that of water at the same temperature. 

The weight of nitrogen is calculated by means of the following 
formula (p. 4C1 ) : 


■Weight of 


o X (p - a>) X 278 X 0 001251 


grm. 


7C0 X (273 + t) 

where o ^ volume of nitrogen read In ml. ? i =» temperature of the olr; 
p as barometric pressure j w =* vapour pressure of the KOH solution 
ntf’C. ; 0-001251 « the weight of 1 ml. of nitrogen at normal temperature 
and pressure. - . 


Closed Combustion Tube. A combustion tube about 75 cm. in length 
and sealed at one end is required. Tire tube is packed as follows : First, 
a column of magnesite 15 cm. in’ length, and then, in succession an S-cm- 
column of coppcr-oxide -wire, the mixture of substance and powdered 
copper oxide, a coliunn of copper-oxidc wire SO cm. in length, and the 
reduced copper wire. The mi^rture containing the substance is introduced 


------- 'jl 1 




CU.Q iUaSTAHC£ .uulwxti 

MK£. +Fg)fBzxacuo * •' snMi 
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CaoCtfiRt) 


as described on p. 430. The tahe is hold in a Jjortoatal position ond 
gently tapped to loosen the contents sufficiently to give a free passage 
to the gases. It is then connected to the nitrometer. . 

To carry out the combustion, the magnesite is heated imtil the ^ 
swept free of air ; the burners underneath it arc then lowered, mm ® 
wire-worm copper oxide layer in front of the substance and the reduce 
copper spiral are heated to redness. The burners under the wire-form 
copper oxide behind the substance are lit and the rest of the combustion 
carried out ns in the open tulie. Finally, the magnesite is heated more 
strongly, in order to sweep out the whole of the nitrogeo into t ic 
nitrometer. 
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Micro-Method. TliU follow-^ the alm^c line*, hut *i>ccLil pfrcniitioa^ par- 
tlnilarly In the prewiration of the rcaprnti arc necrssarj-, and reference rIuiuM 
t>e iinxlc to rregi'fi book on the siil)]ect (|>. JilO). 

Determination of Chlorine, Bromine' and Iodine In an 
Organic Compound 

In nil the three methods descrilx?<l the halogen is uUim.ntcly srcighe<l ns 
the silver hnlide. 

In the first mcthotl, the substance is burnt \sith lime, or with soda- 
lime, nnd the calcium halide protlucc<! is dlssol\T<! out nnd precipil.atcfl 
hy silver nitrate solution. This metho<l, though somewhat tedious, is of 
general application, and is to be prcfcrrol to the Carius method when 
two or three halogens arc present together in the compound. 

In the second method, the sutwtnncc is clcoompo‘-cd by heating it under 
pressure svith fuming nitric acid In the presence of silvTr nitrate ; in this 
case the silver hnlide is pro<Iucc«l directly. This (the Qtrius) mctho<l is 
by far tbc best when only one tinlidc Is present, nnd, in general, it Is more 
cons'cnicnt tlian tbc first. 

Tlic thinl method, that of Stepanov, Is simpler in practice than either of 
the preceding, lait is limited in application. It can l>c used satisfactorily 
for compounds which part readily with their halogen, such ns halogen 
Kuhstituted aliphatic compounds, but In general it <locs not give good 
results witli those aromatic compounds in svjifch the halogen atom is ver>' 
firmly attached to the nticlcus. 

IgniUon with Lime, or with Soda-Lime. The powilcrwl solit! is mWctl 
srith lime or Mxlndime (free from chloride or fulphalc), anti the mixture Is 
hcntcil strongly; the halogen thus csmibines with the calcium. The 
cooltsl mass is dissolved In nitric acid, excess of ^ilvcr nitrate solution is 
added to this liquM, and tlic halogen Is prccipitnlcd ami weighed as silver 
lialidc. 

The process is ^omcwhat ttslious l>ccausc of the necessity for using a 
large quantity of nitric acid to neutralise nn<l <lissolvc the nlknllnc mass. 
Tlic fillmtion and wishing of the precipitate and filter arc therefore wunc- 
what lengthy. 

The quicklime may lie readily prrpare<l by breaking marble into small 
pieces, intrwhieing it Into a clay cnicibic, ami heating it strongly in n 
muflle or in a wind furnace for scsttoJ hours. Tlic lime thus prciiarctl Is 
renioseil fmm the crucible as Mion ns it Is cooleil.nnd is prrsers-tsl Inn well- 
stoppered Ixittle. ThcKKla-limr,inngnimilarcon»!ttion,isbeateslstrongly 
to expel moisture, and is ^tore^! in n Btop|>cresl lioltle. 

/V»r jimriifr weigh accunitrly about OH gnu. of linel\-i>ondere<I, pure, 
ruiiliiir lijdmehloride, nr of eblorol Imlnite, CX'l,-(:il(OM),. Clean a 
pt«-<T of rsimbustion tulio, niHiiit 50 cm. in length nnd nl*out 1 cm. in 
dl.unetrr.elow onmid byilmwingit out In the bloispijic-namr, nn«l munfl 
off the sitnqi nlgrs of the oi>eii rn<I in tlir fl.snie. 

I’lll ntj«)iit 5 rm. of the tiil»' sritli the |wiwilrre<l lime or so<Ia-lime, and 
niM the sirrighrsl Milntnnce. Now Introduce mml her 5 cm. of the |•owdrr^^l 
llinr or Msl.T.lInir Into the (simbustion tul«e, nn*l mix the »ul^^t-•mcr with 
thU |»irt{'<n by pushing d"«7i Info the tiil«e n h-ng, bright pirre of irirr 
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which is bent like a corkscrew at its end, and by turning round this vrire 
in the powder and substance. Almost fill the rest of the tube with granular 
lime or soda-lime, and then insert a loose plug of asbestos. 

A volatile organic liquid, in a small tube or bulb with a capillary opening, 
should be dropped into the combustion tube after the first 5 cm, of lirae-powder 
have been introduced, • ' 

Either leave the end the combustion tube open, or draw it out into 
a narrow tube which is bent obliquely and which, during the comhustion, 
has its end just dipping below the surface of some water contained in a 
small beaker. • 

Now lay the tube in the trough of the combustion furnace, and heat 
the front portion containing the granular lime to redness. 'When the lime 
is red-hot, gradually extend the heat to the mixture. As soon as decom- 
position is complete, cut off the narrow end of the tube, if it has been 
drawn off, and transfer the contents of the tube to a beaker. Then rinse 
out the tube into the beaker with dilute nitric acid (Note), add more nitric 
acid and stir until the lime has completely dissolved. Filter off any 
particles of carbon and glass, add an excess of silver nitrate solution to the 
filtrate, and collect, dry, ignite and weigh the precipitate. 

Note, If iodine is to he determined It is necessary, before precipitating with 
AgNO|, that sodium sulphite should be added during the treatment of the 
contents of the tube with nitric odd, to convert any free iodine or iodate Into 
iodide. 

Carius* Method, The organic substance is mixed with fuming nitric acid 
and silver nitrate, and the mixture is then heated for several hours in a 
sealed glass tube. The halogen combines with the silver, and Is weighed in 
this form. 

Procedure, Cut off a piece of thick-walled combustion tube, a^ 
60 cm. in length and 1-5 cm. in diameter. Seal up one end in the bloi^jj 
flame, being careful to make the end strong and round in shape.^^j^g 
anneal the glass well by allowing it to cool down slowly in the Igjuced 
flame. This is the digestion tube. > 

For practice in the process weigh out accurately about 
chloral hydrate, CCl 3 -CH(OH)j, in o small weighed tube about C ||| 
and 8 mm. wide. V' 

If the substance is a volatile liquid, it is sealed up in a small thi, 

(Fig. 120, a, p. 45fi), or in a thin bulb-tube. The bulb-tube may be made . - 


subsequent use. 

Now introduce into the digestion tube about twice as much solid silver 
nitrate as is theoietically required to react with the halogen. Then pour 
in 2 ml. of fuming nitric acid through a funnel trith a long stem, and push 
the tube containing the substance into the digestion tube until it rests 
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on the bottom. The greatest care must be taken to prevent the acid or its 
vapour from reaching the sample, and if it is contained in a sealed tube or 
bulb this danger is avoided. 

Now draw out and seal the open end of the digestion tube. For this 
purpose hold it in a slanting position, so that its contents remain 
undisturbed in their relative positions, and the acid does not reach the 
substance. Gradually heat the tube at about 10 cm. from its open end, 
rotating it continually in the flame, until its sides soften and thicken and 
begin to fall together. Then gradually draw off the upper part, leaving 
a thick-walled, sealed, capillary end, and carefully anneal this by cooling 
it first in the luminous flame and finally in the air. 

Now place the tube in a loosely-fitting ^vrought-iron tube and close 
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Fio. 125. Ain-DATu FOB Heating Sealed Tubes. 

Is TOth a screw-cap in order to avoid on accident if the glass should 
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id to mix with the substance in the small tube, or, if the substance 
Is been sealed in a bulb tube, break the bulb by giving the digestion tube 
a sharp, vigorous jerk, taking care not to splash the acid up into the 
capilLarj' end. The tube is now ready for heating in the air-bath. 


kith, and measures the temperoture of the interior. A Fletcher burner ‘suitable 
'for Jimting t)»e bath is shown In the figure. 

When ttic bath Is In use, a sheet-iron cover which rests upon the upper 
surface h placed over it. Tills covet is open nt the bottom, and the sides and 
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cuds arc Jialf an inch distant from the bath itseJf. The cover is kept in position 
by two studs fixed in the upper surface of f/tc hatii, which pass through 
corresponding holes in the top of the cover. This cover helps to maintain a 
uniform temperature. 


Wien the sealed tube lias been enclosed in’ the ivrought-iron tube and 
the cap has been screwed on, introduce it into the broader tube of the air* 
bath, place the cover over the air-bath, and light the burner. Allow the 
temperature to rise slowly, and maintain tlie bath at the required 
temperature for several hours by regulating the burner. 

A temperature of JOO” C. is usualiy sufficient to ensure decomposition. A 
lower temperature will frequently ser\’e, and some simple compounds will be 
decomposed at 150® C. 

Allow the bath and tube to become quite cold. The tube enclosed in its 
protecting wrought-iron jacket is taken out in the Jacket, the cap is 
removed, and the capillary end is slid out of the jacket. Care must be 
taken not to allow tlie open end of the iron tube to face the operator, 
since there may be a very considemble gaseous pressure within the tube, 
which may cause an explosion. TJie capillary end is then >wirmcd gently 
in a Bunsen flame to remove any liquid wide!) may have condensed there, 
and is then heated carefully until the glass softens and the gas torcea an 
exit and escapes. Tlie tube must on no accoimt be taken out of its svrought* 
iron jacket before it has been opened. 

As soon as the outrush of gas has ceased, the end of the digestion-tube 
is cut off with a file, and the contents are rinsed out irith water into a 
beaker. If the tube which contained the substance is unbroken, it may 
be lifted out of the solution by means of a pair of crucible tongs, any 
silver halide adhering to it being washed back into the beaker. If it is 
broken, any large pieces of glass are removed and waslied. They are 
then dried in a steam-oven and weighed, the weight of the end which 
was drawn off during the sealing, if a glass bulb was used, being added. 
Tlie difference between this weight and that of the original bulb or lube 
represents the weight of the small pieces of glass which remain in the silver 
chloride. 

The acid liquid is diluted, boiled for o few minutes, and the silver salt 
is filtered off (Note), waslied, dried and weighed. The weight of any small 
glass fragments, >vhich already has been determined, is then deducted, 
and thetrue weight of the silver salt is thus obtained ,* this weight may be 
checked by dissolving the weighed silver chloride in ammonia, and weighing . 
the residue. From these results theweightofthe halogen and its percentage 

are calculated. 

Note. If iodine is present in the organic substance, the silver nitrate and 
silver iodide sometimes ftise together into a yellow mass. The silver nitrate 
must be remov^ from this mass by beating it in tlie diluted liquid for one or 
two hours. 

Stepanovas Method. For practice, weigh out accurately 0-2 grm. of 
chloral hydrate and dissolve it in 40 ml. of 00 per cent, alcoliol contained 
in a 200-ml. conlixil flask fitted mth a svater-condenser. 
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Weigh out roughly 8 grm. of sodium (about fifty times the theoretical 
quantity of sodium required to csomplete the reaction), cut it into small 
pellets and add these, down the condenser tube, to the contents of the 
flask, so that a vigorous reaction sets in. The sodium should be added 
at intervals over at least thirty minutes. Boil the solution for an hour. 

After cooling, pour 40 ml. of distilled water doim the condenser into 
the flask and distil off the alcohol. Cool the flask again, make the solution 
acid by means of dilute nitric acid, add SO ml. of decinormal silver nitrate 
solution, and, after filtering off the silver halide, determine the excess of 
silver nitrate volumetrically by means of thiocyanate solution (Volhard’s 
method, p. 197). 

Determination of Sulphur in an Organic Substance 

The Sulphur in the Organic Substance is oxidised and converted 
into Sulphate ; it is then precipitated and weighed as Barium Sulphate. 

Oxidation by Nitric Acid, as in the Carius method for determining the 
halogens, is suitable for the determination of sulphur. The substance is 
heated with fuming nitric acid (sp.gr. l-S) as described on p. 442, the silver 
nitrate being omitted, and the sulphur is converted into sulphuric acid. 
When the tube is cold, Its contents arc transferred to a porcelain dish. 
An excess of hydrocIUorlc acid is added and the nitric acid is removed 
by evaporating the liquid nearly to dryness on a ^vote^•both. The liquid 
is then diluted and the sulphur is determined as BaSOi. 

The Methods ol determining Sulnhut in Coal (p. 81 D) and in Sulphides 
(p. 08) also apply to many organic substances. 

Determination of Phosphorus in an Organic Substance 

The sample is treated by any one of the processes suggested for the 
determination of sulphur, the phosphorus being converted into phosphate, 
which is precipitated wth magnesw mixture and weighed as MgjPgO^ 
(p. 76). 
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THE DETERMINATION OF MOLECULAR WEIGHTS AND 
VAPOUR DENSITIES 

TiiE first two methods to be described for the determination of 
molecular weights apply only to basic or acidic compounds. Tliey depend 
upon the formation of definite salts, and a knowledge of the basicity of 
the compound is necessary. In fact, the equivalent weight of the substance 
is first determined, and tlie molecular weight is calculated by multipljing 
the equivalent weight by the basicity. 

The third and fourth methods depend on the lowering of the freezing- 
point or the raising of the boiling-point of a solvent in which the substance 
has been dissolved ; these methods apply to many organic and to some 
inorganic compounds. 

The other methods apply only to volatile substances, and depend on 
the determination of their vapour densities (p. 454). 

Determination of the Molecular Weight of an Organic Add 

The Molecular Weight of an Organic Acid may sometimes be 
determined by prepacing an Insolnble filetaUio Balt from the Acid, and 
then by deiennining- the Weight of the Metal in a known Weight of the 
Fare Salt. * 

The silver salt is generally selected because it is easily prepared, usually 
contains no water of crystallisation and requires only to be ignited in 
order to convert it into the metal. In certain cases the barium or lead 
salt is prepared and analysed by converttngit into the sulphate. 

As an example of the use of the silver salt in the determination of the 
molecular weiglit of an acid, consider the case of acetic acid. It may be 
shown by ultimate analysis that the empirical formula of this acid is 
CHaO, and it is eWdent that cither this formula or some simple multiple 
of it will represent the molecule of^cetic acid. Also, as only one acetate 
of the monovalent metals can be obtained, acetic acid is inferred to be 
monobasic. 

The molecular weight of acetic acid may therefore be determined by 
preparing pure dry silver acetate, and then by igniting a known weight of 
this salt and weighing the residual silver. The weight of the silver salt 
which contains lOT-SS parts of silver may be calculated from this result. 
TIu's will be the molecular weight of the silver salt, and, by subtracting 
from it the atomic weight of silver and adding that of hydrogen, the 
molecular weight of the acid will be obtained. 

Example. Tiro grammes of pure, dry, silver acetate gave on ignition 
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And the molecular weight of the acid 

= 1G6 87 — 107-88 + 1 = 59-99. 

The molecular weight corresponds with the molecular formula C 2 H 4 O 2 . 

For Practice in the Determination prepare some pure silver succinate 
hy adding a moderately concentrated solution of silver nitrate to a solution 
of sodium or ammonium succinate. Filter off the silver succinate, remove 
dissolved salts from it hy >vashing it with hot water, and dry the salt at as 
low a temperature as possible. 

Now weigh accurately about 1 grm. of the silver succinate into a covered 
porcelain crucible of known weight, heat it very gently at first, but finally 
to a red heat for a short time, and weigh it ; then repeat the heating and 
weighing until the weight of the residual silver is constant. 

Calculate the molecular weight in the way already described. Since, 
however, succinic acid is known to be dibasic, it is evident that 
2 X 107-88 must be subtracted from the molecular weight of the silver 
succinate, and 2X1 must be added, in order to obtain the molecular 
weight of the acid. 

Note. In preparing the silver salt direct from the add, the latter should be 
treated with a slight excess of ammonia, and the solution boiled to remove the 
excess. A neutral solution of the ammonium salt is thus obtained. 

Determination of the Molecular Weight of an Oi^anic Base 
Certain Organic Bases, notably the it^aloids, combine with Hydrogen 
Chloride and Flatinic Chloride to form 'Double Salts. The constitution 
of these salts is similar to that of the double chloride of ammonium and 
platinum, 2 (NH 3 HCl)-PtCl(, the organic base taking the place of the 
NHj. The molecule of the double salt therefore, usually contains two 
molecules of the organic base, and, if R represents a monovalent organic 
base, the general formula of the double salt will he 2(RHCl)*PtCl4. 
When the molecular weight of this oi^nic double salt is kno^vn, the 
value of R can be calculated, since the weight of the other elements present 
in the molecule is known. 

The procedure is identical in principle with that which has been 
described above. The pure, dry, double salt is prepared, and a suitable 
quantity of it is weighed ; this is then ignited in air imtil it is free from 
carbon, and the weight of the residual platinum is determined. Then : 

The weight o( 1 . f atomic weight! . . Iwel^tof double) . f molecular weight 

Ft found J • I of Ft / * * I salt used J • 1 of double salt. 

The molecular weight of a monovalent base is then found by 
subtracting from the molecular weight of the double salt the weight 
represented by HjPtCl,, and dividing the remainder by 2. 

Example. 2 82 grm. of caffeine platinichloride yielded 0-57 grm. of platinum, 

IQr.O y 0.00 

Hence the molecular weight of the double salt = ^" 57 " — " “ 5- 

Therefore the molecular ^\eight of caffeine = — f ^ ~ 9 = 192 8. 

For Practice in the Determination dissolve some pure caffeine or 
paratoluidine in dilute hydrochloric acid, and add to the solution a 
moderate quantity of platinic diloride solution. Filter off the yellow 
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or orange precipiUite of the double salt, %vash it with a little cold \vater 
and then about six times wth alcohol, and dry it in a steam-oven. 

Now weigh out 1 grm. of this double salt into a weighed porcelain 
crucible and heat it, gently at first, and then strongly untfi all the carbon 
has burnt away. Then weigh the residual platinum, and repeat the 
heating and weighing until the wnight of the platinum is constant. Cal- 
culate the molecular weight of the alkaloid as described above. 


Determination of Molecular Weight by the Freezing-point 
Method (Raoult) 

Both this and the boiling-point method (p. 451) gives approximate 
results only. On the other hand, the equivalent weight or the empirical 
formula of a compoimd can often be determined with great accuracy, 
and the equivalent weight (or the weight derived from the empirical 
formula), when multiplied by a small integer, gives the molecular weight. 
The chief use of these methods is to determine this integer. 

These methods are of special value for substances whose molecular 
weights cannot be determined bythe preceding methods, and for compounds 
which are non-volatile or which decompose on heating. They are not 
directly’ applicable to the determination of the molecular weights of 
compounds which are ionised in solution, nor do they give reliable results 
unless the solutions used are very dilute. 

The freezing-point method depends upon tl>c fact that if the same 
weights of different, non-ionisable substances are dissolved in equal 
weights of the same solvent, tlie respective lowerings of the freezing- 
point of the solvent ore inversely proportional to the molecular weights 
of the dissolved substances. This depression varies directly >vith the 
weight of the substances used and inversely with the weight of the solvent. 
The depression of the freezing-point of the solvent which occurs on 
dissolving the molecular weight in grammes of n compoimd of known 
molecular weight in a known weight of the solvent is first determined. 
The molecular weight of any other substance can then be readily found 
if a known weight of that substance is dissolved in a known weight of the 
same solvent, and the depression of the freezing-point is noted. 


The Formula required for Calculatiug the Molecular Weight is deduced as 
follows : 


-If M =s the molecular sveight of the substance dissolved ; 

K the Molecular Coefficient of DepresTion, or the depression of the 
freezing-point produced by dissolving the molecular weight of the 
sut^tance in grammes in 100 grin, of the solvent ; , » » 

^V =» the weight in grammes of tiic substance, the molecular w< ght of 
which is required ; , \ 

S = tlie weight of solvent ; >■ 

D = the observed depression of freezing-point , 

Then the depression (D) is proportional to the number of gramme-molecules 
of substance which have been dissolved in 100 grm. of solvent, or to 


AI S 


; g-, and M K - 


hence 
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The Process o! Determination is conveniently carried out In the 
apparatus of Beckmann (Fig. 126). 

Tlie glass tube A contains a thin glass stirring-rod and a thermometer 
D re.ading to hundredths of a degree Centigrade. 


The capillary tube of the thermometer usually 
lias n buibous space at the top, Trhich can receive 
some- of the mercury, and thus enable the height of 
the mercury thread to be adjusted to suit various 
freezing-points. The variation in the quantity of 
mercury present in the stem of tl»e thermometer in 
different determinations does not affect the accuracy 
of the result, because only the difference between 
the freezing-points of the solvent and of the solution, 
and not the actual temperatures of freezing, is 
required. 

A weighed quantity of the solvent is introduced 
into tlic tube A, wliich is then placed in a 
somewhat wider' tube B, so that an air-jacket 
is formed between the tube A and the outer 
vessel B. The external vessel C contains a 
stirring-rod and either water or a freezing 
mixture, the temperature of which must be from 
2* to 6® C. below the freezing-point of tlie 
solvent. The thermometer is observed while 
the liquid is constantly stirred. At first the 
mercury sinks below the true freezing-point, 
but it rises again as the freezing commences. 
Tiic highest position of the mercury Is rend. 

^Vhen the freezing-point of the solvent has 
been ascertained /rom the mean of several 
determinations, a kno\Tn weight of the sub- 
stance, the molecular weight of which is required, 
is introduced through the side-tube into A. The 
substance is added most conveniently in the 
form of a pellet, which is made by compressing 
a suitable weight of the materml in n tabloid 
press. The liquid is then thoroughly stirred 
until the substance has dissolved, and the 
temperature of freezing is again noted. The 
“ ice,” which consists only of the solidified 
solvent, will now form at a lower temperature 
than before, and the difference between the two 
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temperatures gives the lowering of the freezing-point (D). 

In order to make an nccumlc dctcnnlnation of the freezing-point, 
excessive “super-cooling” must be n\-olded. The final reading should 
be made by rcmo\’ing the tube from the jacket, and occasionally dipping 
it Into the freezing-mixture and moving it round until the liquid freezes. 
Wien this takes place the tube is immediately removed from the mixture 


and ^vI■pc^I drj'. Tiic “ ice ” wiff probably have melted by this time, but 
If not, allow it to do so. Then place the tube in the air-jacket B and 
immerse the latter in the cooling-mixture. Now stir constantly, carefully 


rnTjf 
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observing the freezing, hnd note down the highest tcjnperature, as lias 
been described above. 

The molecular weight (M) is then calculated from the difference between 
the two freezing-points, by means of the formula given on p. 448. 

A series of determinations may be made if necessary, by adding 
successive quantities of the substance to the same quantity of solvent. 

1£ the Molecular CoefQcient of Depression (E) is unknown it can readily 
be ascertained by dissolving a definite quantity of a substance of known 
molecular weight in a weighed quantity of the solvent. The value of K 
is then calculated from the equation on p. 448. The values of K for a few 
common solvents are : 

Water 19° C. 

Acetic acid . . . / . . . 39° C. 

Benzene 49° C. 

Phenol 78° C. 


For Practice in the Method use 6 gnn. of pure cane sugar ; dissolve this in 
60 grm. of water, for which K = 19, aod introduce a mSture of ice and salt 
into the outer vessel { ' • . . • , 

Example. 12.61G gt • • ■ grm. of water, 

the freezing-point of t’ ^ . ** h =»19, therefore 

from the equation on p. 504 : 


The molecular weight = 


ID X 12-61C X 100 
0 705 X 92‘25 


Determination of Molecular Weights by the Depression of the Melting- 
point of Camphor (Rast). The molecular coeiTlcient of depression of 
camphor is about 400, and, accordingly, a ve^ small weiglit of a solid 
dissolved in it \vill cause an appreciable depression in its freezing-point. 

The melting-point of some pure camphor is determined in the ordinary 
melting-point apparatus (p. 18) using a thermometer graduated in tenths 
of a degree Centigrade. 

A small, weighed amount of the solid, whose molecular weight is to 
be determined, is melted together ivith ten to twenty times its weight 
(accirrateiy measured) of camphor in a .small tube, and the melt is 
carefully mixed and allowed to solidify. A small portion is then 
removed, placed in the usual melting-point tube and the melting-tube 
is again determined. The solid melts to a cloudy liquid in which a 
“ crystalline skeleton ” can be detected by the aid of a lens ; • this melts 
from the top downwards, and the point at which the last trace is seen is 
taken as the melting-point. The depr^sion obtained is of the order of 
20° to 30° C, The calculation is exactly the same as that for Haoult’s 
method, the coefficient (K) to be used being 400. More accurate results 
are obtained if the molecular coefficient of depression is determined at 
the same time as the molecular weight of the solid, using a compound 
(e.g., naphthalene) whose molecular weight is known. 

Tills method has the following adrantages. It can he carried out 
very’ quickly and very small quantities of solvent and if necessary, a few 
milligrmns only of the solid whose molecular weight is to be determined 
are required, so that the determination can be carried out on a micro- 
chemical scale. Again, as the melting-point of camphor is high (174° C.). 
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the ordinary melting-point apparatus can be used, and, owing to the very 
large depression of the freezing-point, a Beclonann thermometer is not 
necessary. 


Determination of Molecular Weights by the 
Boiling-point Method 

When a Non-volafile Compound is dissolved in a Definite Quantity 
o! a Solvent, the Boiling-point of the Solvent is raised by an Amount 
proportional to the Number of Gramme- 
molecules of the Dissolved Compound. 

A convenient and rapid process for the 
determination of molecular weights of 
solids by this method is described below. 

It is a modification by Walker and 
Lumsden of the Landsberger method. 

■IVhcn the vapour from a boiling liquid 
is passed Into another portion of the 
same liquid which contains a substance 
in solution, the ^’apou^ is condensed in 
the solution, and its latent heat of 
vaporisation raises the temperature of 
the solution to its boiling-point. 

This principle is applied in tfic method 
which is described below. Tlie vapour 
from the boiling liquid is first passed 
through another portion of the liquid 
until the boiling-point is constant. The 
temperature is observed and a weighed 
quantity of the substance whose molecular 
weight is to be determined is added. The 
vapour of the solvent is passed in again 
until the substance is dissolved and the 
boiling-point of the solution is constant, pic. 127 , filOLEcutAR Weiodt 
The thermometer bulb must be immersed oy Elevation or Boiling-point. 
in the solution, as the vapour is at the 

temperature of the boiling-point of the solvent, which is lower than that 
of the- solution. 

Either the weight or the volume of the solution is now determined. 
In practice it is .more convenient to measure the volume of the solution 
at its boiling-point and to deduce its weight from this volume. 

From the weight of the solution thus determined and the elevation 
of the boiling-point of the solvent, the molecular weight of the substance 
can be calctilated. In the arrangement devised by Landsberger the 
escaping vapour forms a jacket round the boiling solution ; the errors 
arising from superheating and radiation are thereby largely reduced. 

The Apparatus is shown in Fig. 127. It consists of a bulbed, inner vessel 
(^), which contains the solution of the substance. This vessel is connected 
by tubes {BC) with a flask {D) containing the solvent to be boiled. The 
vapour from this flask passes to the bottom of the vessel (A) and then up 
through the solution to escape by the hole (E) into the jacket (F) and 

IS-a 
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thence into the condenser (G). The inner vessel (^4) is graduated in milli. 
litres and contains a thennometer (2^ the stem of 'which is divided into 
tenths or less of a degree Centigrade, Jn order to secure uniform and 
regular boiling of the liquid in tlxe flask (D) a few pieces of unglazed tile 
are introduced, and a fresh piece of tile is added each time boiling is 
recommenced. 

The Method. Place from 5 to 10 ml. of the solvent in the vessel {A) 
and about 160 ml. of the solvent together with a few pieces of unglazed 
tile in the flask (D). Connect the, parts of the apparatus as is sho’ivn 
in the figure, and boil the liquid in the flask. The vapour will pass into 
the vessel (A) and will quickly raise the temperature of the solvent to 
the boiling-point. tVhen the temperattire becomes constant, read the 
thermometer to one hundredth of a* degree by means of a lens. This 
temperature is the boiling-point of the solvent. The thermometer should 
be tapped gently just before the reading is taken. 

Disconnect the tubes (BC) and pour out all but 10 ml. of the condensed 
solvent from the vessel (A), Introduce from 0 5 to 1 gnu. of the substance 
into the vessel, place a fresh piece of tile in the liquid in the flask (D), 
connect the tub^ (BC) ns before, and start boiling the liquid again. The 
thermometer will rise rapidly, and will remain approximately constant 
at a temperature a little higher than the boiling-point of the solvent. The 
boiling-point of the solution will then fall slowly but continuously os the 
quantity of liquid in the vessel (A) increases by condensation of the 
^'apou^. 

As soon as the highest temperature has been attained, read the 
thermometer accurately, stop the boiling in the flask, disconnect tlic 
tubes (BC), remove the cork -with the tube and thermometer, and quickly 
read the volume of the solution. The boiling-point of the solution h 
thus determined, and the difference between this boiling-point and that 
of the solvent gives the rise of boiling-point which is due to the presence 
of the substance. 

Further determinations should be made by irsing the solution already 
present in the vessel {A). For the purpose a fresh piece of tile is placed in 
the flask (D) and the boiling is started again. After two or three minutes’ 
boiling, readings of temperature and of volume are taken as before. These 
operations are repeated, and several determinations of the molecular 
weight can be obtained in tliis way with the same quantity of the substance 
in the coxirse of half an hour. 

The Methods of Calculating the Molecnlar Weight from the volume 
and the weight of the solution ore shown below. 

If w » the weight of substance dissolved ; 

V ts the volume of the solution in ml. j 
D s= the elevation of boiling-point observed ; 

K' s= the elevation for 1 gramrae-moiccule of substance 
dissolved in 1 ml. of solvent ; 

M = the molecular weight of the dissolved substance ; 

Tiien Jince there are ^ gxarame-moleculea in V ml. of solution, there will 
be grarflme-moleculea in 1 ml. of solution. 
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If the elevation for 1 gramme-molecule in 1 ml. of solvent = K', then 




whence 


M 


K'to 

' wn 


( 1 ). 


On the other hand, if the solution is weighed each time, the following 
formula is nrrived at bj* n similar process of reasoning ; 

Ivw 
" WD 


M ^ 


( 2 ). 


wlicrc K = the elevation for 1 gramme-molecule of solute in 1 grm. of 
solvent, and W = the freight of the soK'cnt. 

The ^-nlucs of K* ond Iv for different solvents ore as follows : 


Soh'cnt- 

K'. 

K. 

Alcohol 


1CI5 

1100 

Ether . 


aioo 

2100 

Water . 


520 

520 

Acetone. 


2500 

17.50 

Chloroform . 


2700 

3850 

Denzene 


5105 

2000 


Note that K 0 K'S, where S H the specific gravity of the liquid solvent at its 
Iwiling-point. 

For Practice in the Method about 0-5 to l grni. of the substance, according 
lo its solubility, should be used. The following substances and solvents will 
found suitable : Urea in water; benzoic arid in absolute alcohol ; naphthalene 
In chloroform ; camphor in acetone. 

Example. 0 829 gnn. of camphor \rasdbsoIved in ncctone. The series of four 
successive obscrv'ations, made by passing the vopour of boiling acetone Into 
this solution went as follows : 


Number of Experiment. 

B 

B 


H 

ElovatioU of boiling point 
in degrees CentigiMo . 

1-47 

1 09 

0 71 

|B 

Volume of solution in ml. . 

81 

107 

IC-7 



From the first experiment tlw molecular weight 
2220 >C 0 820 
1.7 X H I " 


and from the sulxcqucnt experiments tlie s-nliies arc 158, 165, and 161, 
resj^elKcly. Tlie average of these four values Is 1518, a numlier 
approximating to the s-alue 152 enlculatcd from the niolenilar formula. 
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- VAPOUR DENSITY determinations 

Introdnctory Remarks. By tlie term “ vapour density ” is usually 
meant the density of a vapour referred to that of hydrogen as unity. 

Hydrogen is selected as the standard instead of air for the foUomag 
reason. According to Avogadro’s hypothesis, equal volumes of all gases 
and vapours under the same conditions of temperature and pressure 
contain an equal number of molecules, and, because the molecule of 
Iiydrogen contains 2 atoms, it follows that the molecular weight of a gas 
or vapour is equal to twice its vapour density compared with hydrogen as 
unity. The molecular weight in grammes of any substance occupies 224 
litres at normal temperature and pre^ure (p. 453). In the determination 
of vapour density, either the weight of a given volume of vapour (or gas) 
or the volume of a given weight of substance in the form of vapour is 
found, and from this, by calculation, the weight in grammes of the 
substance wlueh occupies 22-4 litres at normal temperature and pressure. 
This is the molecular weight, and one*haIf of it is the vapour density. 

For determim'ng the vapour density of a volatile compound, the method 
commonly employed is that due to Victor Meyer, The apparatus for this 
method is simple and easy to use ; furthermore, only a small weight of the 
compound is required. 

The method of Dumas is more eompUeated in every respect, and requires 
more of the compound. 

Of other methods which are • a^wilable, that of Hofmann may be 
mentioned. In this method^ a small known weight of the compound is 
vaporised in the Torricellian vacuum abo\’e the mercury in a long dosed 
tube, and the volume and pressure of the vapour are measured. This 
enables the vapour density of a substance which decomposes at its 
boiling-point under atmospheric pressure to be determined, since tlie - 
pressure under which it vaporises in this apparatus is considerably below 
that of the atmosphere. As the method, however, is rather cumbersome 
and numerous corrections are required for mi accurate result, it is 
seldom used. For details, refer to the special books mentioned on p. SJO. 

The Victor Meyer Vapour Density Method ' 

This method determines the volume of the vapour which is produced 
from a known weight of a volatile substance, by measuring the volume of 
air displaced when the substance is vaporised. 

The volume of the displaced air is measured in millilitres at 
atmospheric temperature and pressure, and while saturated with 
aqueous ^'apou^; and from this result the volume of the air 'when dry 
and under normal conditions is calculated. This volume woul *ibe that 
occupied by the given weight of the substance, provided tliat^it could 
be vaporised at normal temperature and pressure. 

By calculation, the weight in grammes of the substance wluch would 
Occupy 22-4 litres is obtained. This is the molecular weight, and the 
vapour density is equal to onc-half of this figure. 

The Apparatus is shown in Fig. 128 . 

The inner tube (6) is long and narrow, and is enlarged into o 
cylindrical bulb at the base. Qhe whole tube has a capacity of about 
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200 ml., and is somewhat broader at the top so that it can be closed by thcf 
insertion of a tightly»fitting cork. A short distance below the top a 
l>cnt capillary delivery’ tube (c) enters at right angles. 


A broad outer tube (a), which 
is enlarged into a bulb at the 
bottom, sers’cs as a heating*jacket 
for the inner tube. A liquid, 
wliich has a much higher boiling- 
point than that of the liquid 
whose %’opour density is to be 
determined, is. placed in the bulb 
of this jacket. 

Water is frequently used in the 
outer jacket, but substances of 
higher boiling-point than water, 
such as xj'lcnc, aniline or sulphur, 
are sometimes required. If the 
design of the outer jacket is 
suitable, this jacket need contain 
nothing but air; when veiy high' 
temperatures are required, the 
inner tube may be made of porce- 
lain and be immersed in molten 
lead. 

A measuring-tube (d), about 
100 ml. in capacity and graduated 
in fifths of A millilitre, is filled 
with water and is inverted in a 
vessel of water. This stands at a 
convenient height for collecting 
the air escaping througli (c). 



Apr.VRATUB. 


The Procedure. For practice in the mctliod, tlic vapour density of 
ether may be dctcrminc<I lis follows : 

Tlic apparatus is fitted up as Is sliosvn in Fig. 128. A layer of sand 
or dry astieslos is placed on the bottom of tlic cleaned and dried inner 
tul>e and the top of the latter is clo«:cd by a nibbcr bung. The bulb 
of the jackct-tulie is then half-fillcil srith wntcr, and the inner tube is 
fittcil centrally into tlic mouth of the outer tube by pressing in the two 
halves of a liiscctcil cork, in which small o|)enings have been made for 
'the escape of .steam. The collecting trough is arrangcxl at such a Iicight 
that the ciu^'cil end of the delivery tul»c dips licncntli the nuter wlicn 
the apparatus is in position. TItc rnitcr In tlie outer tube is then Iieatc<l 
to iKiiling, and is kept boiling vigorously by a Bunsen burner, so that 
steam surrounds the ^'npour-tubc completely and escapes through the 
cork in the top. 

As soon ns no more air hiihblcs escape from the dcHvcrj’ inlie (c) through 
tlic miter in tlic trough, tlic bung Is loosened In the top of the Inner tube, 
fiinee tlie air within It will hai-c rc.ach«l steam-hent and the tube is there- 
fore ready for the dctcmiiriatlon. TIic mcasuring-liilK; (d) is filled with 
water and clamped in position over the end of the delii-crj'-tubc (c). It is 
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preferably clamped at an angle of 45*’ rather than held vertically as shown 
in Pig. 128. 

Meanwhile a little glass tube about 3 cm. in length is made out of quUl- 
tubing, one end being closed and the other being drawn out to a capillarj'. 
The tube is shown drawn to actual size in Fig. 129, a. The tube is weighed, 
and is then heated, 1 ^ i : 

in pure ether imtil .. ■■ •• •• ' ' ' ■ i • 

Tlie tube is then re* ■ ' ■ 

of ether taken. 


a ' 



C 


i. 



Fro. 129. Weigotno-tubes. 


The little glass tube for containing the weighed liquid may be furnished with 
an accurately*fitting small stopper (Fig. 120, &). This is made by grinding 
a piece of glass rod into the mouth of the tube with wetted emcry*powder or 
carborundum. The necessity of making a fresh tube for each determination Is 
thus avoided. 

The tube containing the ether is then at once dropped into the 
inner tube, which is Immediately closed by the bung. The ether will 
vaporise at once, and its vapour will displace air from the inner tube. 
This air will escape in a stream of bubbles into the measuring*tube. As 
soon as no more bubbles are seen, the-cork of the inner tube (6, Fig. 128) 
is removed. 

The measuring-tube (d) is then lifted in a ladle full of water, and is 
transferred to a tall cylinder of -water, which should be at the temperature 
of the air. The tube is wholly immersed in the water, and as soon as its 
contents have attained the temperature of the water the tube is raised 
until the water-levels inside and outside ore the same. Tlie volume of the 
air is then read carefully, and the temperature of the water and the baro- 
metric pressure are noted at the same time. 


Calculation of Hesolts. If, 

S =s the weight of substance taken. 
t = the temperature of the water in the cylinder in ® C. 
V s= the observed volume of the air in ml. 
p » the barometric pressure. 
w = the pressure of water at I® C. 


The observed volume corrected to “N.T.IV’ (p. 461). 

2T3 p - 

“too 


= 0 X ; 


-ml. 


273 + < 

This is the volume occupied by S grm. of substance. 


22400 ml. would be occupied by 

S X 22400 X (278 1) X 7C0 

■ » 1 1 grm. 

V X 273 X (p — m) 
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This expression is tlie fframme*moIecular weight of tlie substance, 
and one-half of this stiUjc is the STipour density. 


Example. In n determination of the S'npour demity of ether, the folimving 
numhers were notc<l down : 


^Vcight of ether tnhen 
Temperature of water 
Volume of air displaced 
Barometric pressure 
Pressure of aqueous ^•apou^ 


0073 gmi. 
= 21-5" C. 

» 23*3 ml, 

= 74S 0 mm. 
« 1907 mm. 


Hence the moleadar weight 

0 073 X 22400 X (273 + 21-3) X 700 
“ 25 3 X 273 X (748 0 — 19 07; 

and the STipour density *= 30-30. * 


= 72 01, 


The Dumas Vapour Demity Method 
In this method the weight of a definite volume of the vapour of the 
substance, measured at n knosm temperature nnd pressure, is determined. 
The volume which the vapour woukl possess, if it could exist under normal 
conditions of temperature nnd pressure, is calculated from this result, and 
lienee the molecular sTcIght and the vapour density can be dcterminerl. 

The Apparatus Is shown in Fig. 130. A large tliin glass bulb, with its 
neck drawn out, is used for containing tlie vapour ; it has n capacity of 
about 200 ml. Such n bulb may be purchasc<l, or it may l)e made by 



I’m. 130. ni’siAs Vamur Di-Nsrrv ArrAR-STUs. 

drawing out the neck of n nnmd fl-tsk. After the liquid lias been intn>- 
ilueeil, the liulli Is supportetl in n double clamp, nnd Is Immersed In n 
Miitablr liquid containctl In a large \tsscI. A cojipcr watcr-Unlli, placed 
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on a tripod stand and heated by a gas burner, serves the purpose velJ. 
The temperature of the liquid in the bath is measured by means of a thermo* 
meter, the bulb of which is placed near the middle of the vapour-bulb. 

The Fioceduie. For practice in the method, the vapoiur density of 
benzene may be determined as follows : 

The empty apparatus having been arranged as is shown in the diagram, 
the bulb, together with its clamp, Is removed. The bath is then nearly 
filled with water, which is heated to boiling. Meanwhile, the clean dry bulb 
is placed in the balance-case for half an hour and is then weighed. About 
20 ml. of pure benzene are introduced into the bulb by heating the bulb 
and allowing it to cool with its open end immersed in the benzene. 

The bulb is fixed in its clamps and is immersed in the gently-boiling 
water in the bath, with the end of the tube projecting about 2 cm. above 
the surface of the water. Tlie bulb is clamped in this position. The 
thermometer is also’put in at once, with its bulb level with the middle of 
the vapour-bulb and close to it. 

The benzene boil vigorously, and the vapour which it evolves will 
pass out from the neck and expel the air from the bulb. MTien the 
vapour has issued for some time and begins to escape more quietly, it 
may be kindled at the end of the tube, and the dropping of the flame 
will show when the escape of vapour ceases. Then the end of the tube is 
sealed at once by a blowpipe-flame. At this moment the temperature 
shown by the thermometer immersed in the bath and the barometric 
pressure arc read. 

The bulb is removed from the bath and is dried and allowed to cool. 
It is placed in the balance-case for half an hour and is then weighed, 
together with the small piece of glass which may have been dra\vn off 
when the bulb was sealed. The temperature inside the balance-case is 
noted. 

A file-scratch is made near the sealed end of the tube of the bulb, and 
the end is broken off under water which has been recently freed from air 
by boiling and rapid cooling. The water in the bulb isvthen transferred 
into a graduated measuring-cylinder, and the volume of the water, together 
with that of any air bubble which was in the bulb, will give the capacity 
of the bulb (A^ofe). The 'water may be weighed instead of being measured 
volumetrieally, and its volume may then be calculated. i 

Nole. If the residual bubble of air is of appreciable size, a correction 
it roust be made in the weight and in the volume of the vapour (G), and in the 
weight of the hydrogen. 

Calculation of Results. Let 

g = weight of dry empty bulb containing air. 

G = weight of bulb (iUed with vapour. 
t = temperature of air in the balance-case. 

T == temperature of bath at the time of sealing the bulb. 
p = barometric pressure, in mm. of mercury. 
c = volume of bulb, in millilitres. 

The bulb when weighed initially was full of air ; at the final weighing it 
was full of vapour. 
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' Hence G — g is the difference in the weigKts between c ml. of vapour 
measured at T® C. and p ram. pressure, and c ml. of air measured at t° C. 
and p mm. pressure. Corrected to normal temperature and pressure these 
become ; 


273 

® ^ §78 ^ 

273 P , . 


Let these corrected volumes be denoted u and a, respectively. It is 
known (p. 516) that 1 grm. of air at normal temperature and pressure 

occupies 773 ml. Therefore the weight of the air is grm. and the weight 

of the vapour is G — g + 

This weight occupies u ml. at normal temperature and pressure. 

Hence the weight of 22400 ml. of the vapour is 

V 

This is the molecular weight of the vapour, and one*haIf of this 
expression is the vapour density. 


Example. In a determination of vapour density. 
Weight of the bulb = 

Apjiarent weight of the bulb + vapour * 
Temperature of air = 

Temperature of bath 
Barometric pressure 
Capacity of bulb 

Therefore the corrected volume of the vapour is 
180 X 


' 273+ 113 '^ 700 
and the corrected Volume of the air Is 
180 X, 


= 23-683 grm. 
« 23 D57 grm. 
= 16* C. 

= 112* C. 

= 755 mm, 

= 160 ml. 


= 12G 8 ml. 


‘ 273 + 16 700 

Hence the molecular M'eight of the compound is 

- 2‘>7 

73» / 


23 057 — 23 C 


12b'8 


and the vapour density is 43 5. 



' PART -VII 

GAS ANALYSIS 

Introductory Remarks 

When the volumes of gases are measured under different conditions, 
corrections mvist be applied to the results in order to make them 
comparable one with anotljcr. These corrections are rendered necessarj' 
by the appreciable effect wluch changes of temperature and pressure, 
and the presence ot varying amounts of moisture exert upon tlie vohirae 
of a gas. 

The methods for measuring and analysing gases, which are described 
in detail in this Section, involve the use of comparatively cheap and 
simple apparatus. They also either dispense altogether with the use of 
mercury, or require it only in small quantity. 

The x'olume of a gas is frequently measured over water. TJiis 
introduces a certain amount of error, since gases are soluble in water in 
varying degree. The results obtained are tliereforc somewhat less 
accurate than those obtained when the gases are measured over mercurj'. 
The simpler method of measurement over water is generally adopted 
for certain gases, and is found to give satisfactory resiUts when a suitable 
volume of gas is employed and proper precautions are taken. The error 
caused by the solution of the gas in the water may often be reduced by 
previously saturating the water with the gas which is to be determined. 
Other alternatives to mercury which have lower solvent powers for most 
gases than has water arc SO per cent, glycerin, 22 per cent, sodium cWoride 
or concentrated calcium chloride solutions j tliey are, however, rather 
unpleasant to handle. 

For the description of the larger and more costly forms of gas 
apparatus, and for directions regarding their use, reference may be mode 
to the books on gas analysis mentioned on p. 519, 
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CALCULATION OF NORMAL VOLUME. CALIBRATION 
OF MEASURING-VESSELS 
Calculation of Volume under Normal Conditions 
The volume of a definite weight of a gas \'aries appreciably with 
comparatively small changes in temperature and pressure. If the gas 
at constant pressure is brought into contact wth water, the volume is 
also increased by the introduction of aqueous vapour. 

The volume of a gas is usually measured at the temperature of the 
laboratory and at atmospheric pressure. Since, however, the temperature 
and atmospheric pressure within the laboratory are subject to variation, 
the conditions under which different measurements of gas are made will 
also vary. Again, the gas may sometimes be measured while it is standing 
over water, and at other times while it is over some non-volatile liquid ; 
the gas may accordingly either be saturated with water vapour, or it may 
be dry, and these differences will affect its volume. 

In order to make the volumes of gases measured under different 
conditions comparable with one another, and to be able to calculate 
the weight of a given volume of a gas, it is therefore necessary to 
determine the volume which the gas would occupy in the dry state and 
at 0® C. and 700 mm. pressure. This Is usually termed “ the volume 
under normal conditions,” or the volume at “ N.T.P.’* 


Calculation o! the Volume of a Gas under Normal Pressure. The volume 
of a gas varies inversely as the pressure wlilch is exerted upon it. Hence, jf 
V = the observed volume of the gas ; 
p =s the observed barometric pressure { 

= its volume at 760 mm. pressure (normal) ; 


Then V, 


p Xv 
760 * 


Tins formula supplies tlie “ Correction for Pressure.” 


Calculation of the Volume of a Gas at Normal Temperature. If the 
pressure is kept constant, a gas expands or contracts by one two- 
hundred and seventy-third (= 0 003005) of its volume at 0° C., for each 
degree Centigrade rise or fall in its tempemture. Hence, if 
t) = the obscr>’ed volume of the gas ; 
t = the obscr>*cd temperature ; 

V, = its volume when reduced to 0® C. (normal) ; 


Tlicn \\ = 


278 X P 
^3 + t 


V 

r+ 0003003r 


Tliis formula supplies the ” Correction for Temperature,” 


Calculation of the Volume of a Gas in the Dry Condition. ^VIlcn equal 
volumes of psis arc satumtctl with aqueous vapour at the same temperature, 

401 
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they always contain the same quantity of water vapour. The quantity of 
vapour present increases os tlic temperature rises and ‘decreases as the 
temperature falls. 

The water vapour which is mingled with the gas exerts a certain 
pressure which varies yvilh the temperature, and this pressure, which is 
usually expressed in millimetres of mercury, has been very accurately 
determined for each degree of temperatum (see Table on p. 499). 

_The pressure of aqueous vapour acts in opposition to the barometric 
pressure, and tends to increase the volume of a gas. Hence oorrection is 
^ade for its effect on the volume of the gas by subtracting thp vapour 
pressure from the barometric pressure. Thus if to is the pressure of 
aqueoufevyapour in a volume of moist gas under pressure p, the true 
pressure oH-Ue^s =r (p — to). / 

General Formula for the Calctilation of the Volume o! a Gas under 
Normal Conditions. The preceding corrections are combined into one 
expression in the following formulae, in which V represents the volume of 
the dry gas at normal pressure and temperature, after correction for 
saturation with moisture if necessary : 

1. For a drj' gasj 

p X 278 X P p X V 

7Q0(273 + /) “ 7(K>(1 + 0 0036050’ 

2. For a moist gas, 

' „ ^ (p — to) X 278 X o _ (p - TO) X 0 
” 700(273 + t) 760(1 + 00030050 


v=-l 


Calibration of Measuring-tubes 

Tubes for the measurement of gases are graduated either in 
rnillilitres and fractions of milUlitTCS, or in millimetres, along the length 
of the tubes. If the latter system has been chosen, the value of each 
graduation in terms of millilitres must be determined. A glass tube 
frequently varies in diameter in different parts, and equal lengths on 
different parts of a graduated tube do not necessarily correspond with 
equal capacities. It is therefore usually necessary to calibrate the tube 
throughout its length. Mercury or water is commonly used for calibrating 
measuring-tubes . 

Calibration o! the Measuring-tube by means of Mercury. The tube 
is supported vertically with its open end up^rards, and successive equal 
weights of mercury are poured into it from a little tube about 4 ml. In 
capacity. The space in the tube which is occupied by each portion of 
mercury is noted by means of the graduations, and the volume of the 
mercury’ added is then calculated from its weight. The capacity of tbe 
tube at every graduation can then be determined by calculation. 

Calilration of the Measuring-tube used in Meyer's Vapour Density 

pparatus (p. 455). Fix the clean tube in a wooden clamp and make it 
truly vertical by hanging a plummet beside it and setting the side of tbe 
tube parallel with the line of the plummet (Fig. 131 ). 
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Prepare a small vessel, about 4 ml. in capacity, by drawing out a piece 
of glass tube at one end in the blowpipe flame, and grind the edge of the 
open end perfectly level and smootli. Hold the vessel in a small wooden 
clamp, and fill it completely with mercury from a funnel with a stop-cock 
(Fig. 132). Then slide a glass plate along the ground edge of the tube ; 
this will remove the excess of mercury, and will leave the surface of the 
metal exactly level. Now pour the mercurj' from the vessel into the 
graduated tube. Remove the air bubbles, which adhere to the inside of 
the tube, by means of a thin piece of lance-wood, and then read the level 




Figs. 13l, 132. Mercury Calibration of MEAsuai-vo-TunE. 

of the highest point of the meniscus of the mercury by means of the 
graduations. 

Fill the vessel repeatedly in the same way, emptying it each time into 
the graduated tube, and carefully read the level of the mercury after each 
addition, preferably by means of a cathctomctcr (see below) placed at 
some distance from the tube. 

If the cathetometer is not employed, great care must be taken that 
the eye is at the same level ns the mercury surface. This may be ensured 
by holding l>ehind the tube a small verticaf mirror, in which the reflection 
of the eye is seen Iwhind that of the meniscus. The reflection in the 
mirror of the highe«t point of the meniscus must be seen at the centre of 
the pupil of the eye during the reading. 

The weight of the mercurj’ which fills the small vessel is accurately 
determined, and the temperature of the air is noted. Tlie capacity of the 
tul>e between the successive readings may theiT be found in millilitres 
from the following expre.ssion : 

g X fl X 0 000 1820 


13-500 
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in which (g) represents tlie weight oC tlie mcrcuij’ in grammes, ami (1) tJio 
temperature in "C. at which the calibration is made ; wliile 0 000182 
is the coefTicient of expansion of mercury and 18*596 is its specUic gravity. 

The method of calculating the capacity of the tube at each graduation 
ivill be understood by reference to p. 112 j but the “error of meniscus" 
must be added to each volume thus obtained, if the tube is to be used for 
measuring a gas over mercury. Tire capacities do not however require a 
meniscus correction if the gas is measured over water, for a reason wiiich 
is explained below. 

The Catbeionietei consists of a horizontal telescope sliding on a vertical stem. 
The telescope is set in a horizontal position by means of a spirit-level and u 
focussed on tlie tube ; it is then moved vertically on the stem, by turning a 
screw adjustment, until the point of Intersection of the cross-wires e.\actly 
corresponds with the highest point of tlie mercury meniscus, and the graduation 
is read off. Since the telescope is always horizontal, errors of parallax are 
avoided. 



Fio. 183.' Fio. 131. Fio. IBS. 

EnnOR Doc to Memscus. 



in the inverted tube (Fig. 133), and then introducing a few drops of 
chloride solution and again reading the level of the mercury surface. 
solution overcomes the repidsive action of the gloss on the mercury an 

whereas in 
ion. 

division 3t> 
of the glass 

. • Ifie volume 

between 88 7 and 30*8, tliat is 0-C, would woape measurement. Hence 0 fl h 
the Error of Meniscus in this tube. . , „ 

la practice this error is accordingly equal to double tlic difference oet^ w 
the reading of the convex surface of the mercurj*, and the reading when l 
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surf.ice is levelled l)y me.ms of mercuric cliloride solution. This number must 
be added to the calculated capacity of the tube when the volume of the gas is 
read over mercury. 

If the tube is to be used for the measurement of a gas over water instead of- 
over mercury, the capacity actually observed in the calibration with mercury 
should be taken, no correction for the meniscus being made. The convex surface 
of the mercury during calibration will almost coincide ivith the concave water- 
surface when the tube is used in an inverted position, and the “ error of meniscus ’* 
will therefore be absent. 

Nole. The fouling of the walls of glass tubes by oxidation of the exposed 
mercury surface may be prevented by just covering the surface with syrupy 
phosphoric acid (sp. gr. 1*5). This device can, of course, only be used in cases 
where this acid lias no influence on the determination. 

Calibration of the Measuring-ittbe in the Lunge Nitrometer (Fig. 141, 
p. 477). The measuring-tube of the Lunge nitrometer may readily be 
calibrated by detaching it from the apparatus, stopping up the bottom, 
and then filling the tube up to the commencement of the graduations with 
mercury. The tube is clamped vertically. Successive equal volumes of 
mercuT}’ are then added from the small tube, and the readings are taken as 
has been described on p. 462. The capacity of the tube between successive 
readings is obtained from the formula given on p. 463. No correction for 
meniscus is necessary in this case, but if small volumes of gas are to be 
measured, the top of the tube must be calibrated very accurately. 

Calibration o! Measating-tnbes by means o! Water. This method 
depends on determinations of the capacities of successive portions of 
the tube by introducing successive known weights of water at a knoivn 
temperature into the tube ; or by allowing them to flow from it. The 
volume of the water is calculated from its weight, and from this volume 
the capacity of the tube to each graduation may be determined. 

Calibration of the Ilempel Burette (Fig. 130, p. 466). Since the 
measurement of the volume of the gas in this burette is made over water, 
the calibration of the measuring-tube should be made with that liquid and 
not with mercury. 

The method is similar to that used for on ordinary burette (p. 112). 
Disconnect and clean the measuring-tube and attach a small auxiliary 
burette to its lower end by means of a glass elbow-tube, which must carry 
a stop-cock, and stout rubber tubing (Fig. 73, p. 113). The connections 
inside the rubber tubing should be glass to glass. 

Fill the measuring-tube with distilled water, which has been recently 
boiled and then cooled to the temperature of the room. Run this water 
through the apparatus until every bubble of air has been removed from 
round the stop-cocks and from the narrow glass tubes. Then fill the gas 
burette with the water in such a way that the bottoms of the menisci are 
on the zero marks of both the gas and the auxiliary burettes. Calibrate 
the burette by the method described on p. 112 , and plot,n correction chart 
(Fig. 74). 

As the Ilempel burette may be used for the analysis of a small volume 
of a gas, it is well to calibrate the top part of the measuring-tube by drawing 
ott successive, volumes of 1 ml. (nominal) of water into a small, weighed, 
covered beaker and by determining the weight of each volume of the water’ 
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As tlic weight of 1 ml. of water at the temperatitre of the laboratory can be 
found from the Table on p, 400, tins test sliows at once if the burette has been 
.. graduated recently, and, if necessary, a table of corrections may be compiled 
or a graph may be drawn. 

Caution. It should be remembered that in all measurements involving 
the use of •water or of any other liquid which wets glass, it is necessary 
that a certain time should be allowed for the liquid to drain down the sides 
of the measuring-tube. The time wilt -vary from half a minute to five 
minutes, according to the nature of the liquid. For ordinary operations 
with water an interval of two- minutes is ample. The Table on p. 498 
giving the permissible times of outflow from burettes may be used here as a 
guide. 


THE HEMPEL GAS-APPARATUS 
This apparatus consists of two parts, the burette, which includes a 
measuring-tube and a pressure-tube, and the pipette. The gas is usually 
measured over \mter or some aqueous solution. A special form of burette 
must be used when the gas, on acccimtofits solubility, cannot be measured 
over water (p. 469;. 


The Hempel Gas-burette (Fig. 136) consists of two connected gas tubes. 
One of these (a) is not graduated, and is called the Pre$sure4ubc. The other 
(b), Imown as the McasuTing4uhe, is usually 
graduated into 100 ml. with 0-2-ml. divisions. 

The Prcssurc4uhe is expanded at its upper 
end. laie MeQSUTing4xthe is contracted at the 
top and terminates in about 2 cm. of thick- 
walfed capillary tube ; it may be calibrated os 
is directed on p. 402. 

* Tlie lower ends of tliese two tubes ore ron- 
tracted in diameter, and are bent at right 
angles. They are fitted into slots in semi- 
circular, weighted, wooden feet, and are 
connected with one another by a few feet of 
nariow rubber tubing. 



The Hempel Gas-pipette. Tlie Hempel 
pipette is used as an absorbing vessel ui 
connection with the burette. It is shown in its 
simplest form in Fig. 137. By submitting a 
gaseous mixture to the" successive action of 
suitable absorlwnt reagents in a series of these 
pipettes, the proportions in which the consti- 
tuent gases are present in the mixture may be 
determined. 

The siiqple pipette (Fig. 137) consists of two 
connected bulbs, (c) and (d), which contain the 
absorbing liquid. The bulb (c) terminates In n 
U -shaped capillary tube (a). Behind this tube is a white porcelain scale (6), 
which makes the thread of liquid in the capDlary visible when the pipette 
is in use. 
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A more elaborate absorption pipette is sliomi in Fig. 138. The bulb (c) 
is cylindrical in shape, and has an opening at the bottom for the introduc* 
tion of a solid absorbent, if necessary. Tliis opening is usually closed 
by a rubber stopper. 

Both these forms of the pipette may be fitted with two extra bulbs 
(m, n), ns is shown in Fig. 138. Tliese bulbs' arc partly filled with water ; 




they prewnt the external air from coming into contact with the absorbent 
and prevent the escape of vapour from a volatile absorbent. 

Fitting together the Hempel Apparatus. The burette is connected with 
the pipette in the manner shown in Fig. 139. Two short thick pieces of 
rubber tube are slipped over the capillary top of the measuring-tube and 
on the capillary tube (o) of the pipette. These rubber tubes are bound 
tightly to the glass Avith wire, so as to make gas-tight joints. Each piece 
of rubber tube may carry a spring clip (as shoAvn), but a single clip on the 
meastiring-tube (6) will often be found sufricfcnt. 

A piece of thick-walled glass tube, 1 mm. in internal diameter and about 
20 cm. in length, is then bent twice at right .angles (c. Fig. 189). Each end 
of this tube is pushed into one of the pieces of rubber tube. Connection can 
now be made between the absorption-pipette 'and the measuring-tube by 
releasing the clips. The measuring-tube and the absorption-pipette can 
also be disconnected one from the other, without allowing their contents 
to come into contact with the atmosphere. 

Taking the Sample for Analysis. Disconnect the pipette (a), leaving 
the tube (c) and the rubber tubes and clips attached to the measuring- 
tube (6, Fig. 139). Raise the pressure-tube (d), which' has been filled with 
water, preferably saturated with the gas to be analysed ; then open the 
clip and pour water into the pressure-tube until the measuring-tube is 
full and the water begins to flow over from the bent tube (c). 

Now close the rubber tube (a) by the clip and squeeze the end of the 
tube between the finger and thumb, so as to exclude air while it is being 
connected with the vessel containing the gas to be examined. Then place 
the pressure-tube («i) at a lower level than the measuring-tube (6), and 
open the clip again. The gas will thus be drawn over into the measuring- 
tube ; 60 ml. is a convenient volume. 
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In order to obtain exactly this volume in the burette, proceed as follows ; 
As soon ns rather more than the 60 ml- of gas have entered the measuring-' 
tube, close the rubber tube with the clip. Now close the long rubber tube, 
which connects the measuring-tube with 
the pressure-tube, by pinching it >7itli the 
fingers. Raise the pressure-tube, and, by 
relaxing the fingers, allow water to flow 
into tlie measuring-tube until it reaches the 
required graduation. Then at once arrest 
the inflow of water by pressure of the 
fingers on the rubber tube. Now open the 
top of the measuring-tube by relaxing the 
pressure of the clip for a moment, so as to 
allow the excess of gas to escape into the 
air and to leave the remainder at atmos- 
pheric pressure. Check the volume of the 
gas In the measuring-tube after the water 
has been brought to the same level in both 
tubes. 

The temperature of the room and the 
barometric pressure need not be read in on 
ordinaiy analysis, since these conditions do 
not vary appreciably during the course of 
the determination, and measurements of 
relative volumes only are made. But if for 
any reason the absolute volume of tlie gas is 
tobefound.or its weight is to be determined, 
the thermometer and barometer must be 
read to obtain the data necessary for calculating the volume of the gas 
under normal conditions (p. 401). 

Charging the Pipelles. Charge each pipette with its special absorbing 
reagent, filling the bulb (c, Fig. 137) completely, but allowing only a small 
quantity of the liquid to remain in (<Q. The liquid is introduced by 
pouring it through a funnel into the wide tube above (d), and is then 
drawn nearly to the top of the porcelain scale by applying suction to the 
capillary tube (a). Before a measurement of gas is taken, the liquid 
should always be brought again to the same le\’el in this capillary tube. 

Wien tlie pipette is not in use, the reagent should be protected from 
contact with the air by closing the wide tube with a cork and by capping 
the capillary tube with a short rubber tube which is stopped with a piece 
of glass rod. 

Process of Absorption. After the volume of the gaseous mixture has 
been noted, absorb its constituent gases successively. Connect the 
measuring-tube by means of the bent capillary tube with the absorption- 
pipette containing the first reagent to be used, and squeeze the end of the 
rubber tube with the fingers when the connection is being made, so ns to 
exclude air. Then raise the pressure-tube and open the clip, so as to drive 
the gas over from the measuring-tube to the absorption-pipette. As 
soon ns the gas has passed completely into the bulb, close the clip, shake 
the contents of the bulb gently, and allow the prns to stand in contact 
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with the absorbent for five minutes. Then transfer the gas to the 
measuring-tube again by lowering the pressure-tube and opening the clip. 
As soon as the gas has passed over, close the clip. Raise the pressure-tube 
until the water in both tubes is at the same level, allow an interval of two 
minutes for the water to drain from the side of the tube, and read off the 
volume of the gas. Transfer the gas again to the pipette, and shake it 
gently with the reagent for one minute ; then measure its volume once 
more in the burette. If the volume is the same as before, the absorption 
is complete. If a further decrease of volume occurs, the absorption must 
be repeated a third time, but this is rarely necessary. The volume of the 
gas remaining in the burette is noted, and another constituent of the 
gas mixture is absorbed, with a fresh pipette and absorbent. 

Subsequent absorptions are effected in a similar way, each gas being 
absorbed by a suitable reagent (see below). A separate pipette should be 
kept for each reagent. 

The Winkler Burette must be employed for the analysis of gaseous mixtures 
vliich contain a constituent soluble in water. 

It is of the same shape as the Hempel burette, but the top of the measuring- 
tube is supplied tvith a stop-cock, and the bottom tvith a three-way cock similar 
to that shown in Fig. 141, p 477. By this arrangement the measunng-tube 
can be cut off from the water in the pressure-tube, and a stream of gas can be 
passed through the stop-cock into the measunng-tube, and thence out into the 
air by means of the three-tvay cock. 


temperature and pressure are obtained. 

Water may then be allowed to flow Into the measunng-tube from the 
pressure-tube In order to absorb the soluble gas, or the measuring-tube may be 
connected with a Hempel pipette, and furtlier manipulation conducted as with 
the latter. 

Reagents used for the Absorption of Gases in the Hempel Pipette 

Potassium Hydroxide Solution. Dissolve 160 grm . of potassium hydroxide 
in 130 ml. of water : this will give about 200 ml. of solution. The solution 
is used tor absorbing acid gases, e.g., carbon dioxide. 

Alkalme Pyrogallate Solution. Dissoh-e lO grm. of pyrogallic acid m 
200 ml. of the above potassium hydroxide solution. The solution should 
be kept in a pipette of the form shown in Fig. 138, p. 467, and it is used for 
absorbing oxygen. Departure from these proportions may involve serious 
error owing to liberation of CO, during the absorption of oxygen. 

Cuprous Chloride Solution. Pass sulphur dioxide into a solution of 
1 part of sodium chloride and 2 parts of crystalline copper sulphate, and 
wash the precipitate of cuprous chlonde by decantation, first with a 
solution of sulphurous acid, and then with glacial acetic acid. Then 
press it between filter-paper and diy it in a vacuum desiccator. 

During its preparation, storage and use, both this substance and its 
solution must be excluded from free contact with the air. 
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The salt is used for absorbing carbon monoxide either in ammoniacal 
solution (a) ; or in acid solution (6). The former is generally to be pre* 
ferred, and must be used when the combustion of hydrogen by palladinised 
asbestos (p. 472) is to follow the absorption by cuprous chloride. 

(a) The Ammoniacal Solution is prepared by suspending 15 grm. of 
cuprous chloride in about 100 ml. of water, contained in a flask of about 
250 ml. capacity, and by passirtg ammonia gas into the liquid until all 
the cuprous chloride has dissolved and the solution is pale blue in colour. 
The liquid is then diluted to 200 ml. One millilitre of the solution thus 
prepared can absorb about 6 ml. of carbon monoxide before it becomes 
saturated with the gas and useless for further absorption. Absorption of 
the carbon monoxide is rather slow, and it may be necessary to use further 
volumes of the reagent if the gas under examination contoins more than 
10 per cent, of carbon monoxide. 

{b) The Acid Solution is prepared by dissolving 27 grm. of cuprous 
chloride in 200 ml. of hydrochloric acid of 1'124 specific gravity. One 
millilitre of this solution can absorb about 10 ml. of carbon monoxide. 

Ferrous Sulphate, in cold saturated solution, is used for absorbing nitric 
oxide. 

Bromine Water, made by shaking bromine with water until some 
bromine remains undissolved, is used for absorbing the olpflne 
hydrocarbons. 

Fuming Sulphuric Acid may be used for absorbing the vapours of 
benzene and of the olefine hydrocarbons. 

Collection of Gas for Analysis 

The Method selected for Collecting a Sample of Gas will’ vary, according 
to the conditions under which the gas has to be taken, transported and 
stored. When the gas is collected in the laboratory, it is generally passed 
direct into the Hcmpel or Winkler burette ; and if a larger quantity has 
to be stored, it is collected in a glass gas-holder. If the gas must not come 
into contact with water, it may be passed either into a tube filled with 
mercury which is closed by inverting its open end in a vessel of mercury, 
or into a small bell-jar closed with a stop-cock and filled with mercury. 

A sample of gas which has to be collected away from the laboratory 
may occasionally be taken and stored safely as is directed above ; or it 
may be collected by the displacement of air, water, or mercury from a 
bottle or flask, which is then closed by a tightly-fitting cork, both the 
upper part of the cork and the neck of the vessel being finally coated 
uniformly with melted parafiin-wax or • ... 
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If the supply of gas which is available is small, the tube is prepared 
as is directed above, and is evacuated and sealed. One of the capillary 
ends is then cut or broken in the gas to be collected, and it is sealed again 
after the gas has rushed in to fill the tube. 

When the sample is to be transferred to the Hempel burette, a file-mark 
is made near each end of the sample-tube. One end is then attached by 
the rubber joint (a, Fig. 139, p. 408) to the Hempel burette, while the 
other end is immersed in a vessel of water or other suitable liquid. Both 
the ends are then broken off, and the gas is drawn over into the burette 
in the usual -way by lowering the pressure-tube (d). 

Determination of Gases by Absorption in the Hempel Apparatus 

Tlic volume of each gas is determined from the difference in the volume 
of the mixture before and after the absorption of that gas. The general 
procedure and manipulation were described on p. 468, and particulars of 
the absorbing reagents are on p. 469. 

The analysis is made more accurate by previously saturating the water 
in the burette with the gaseous mixture which is to be analysed. This 
also applies to the solutions contained in the absorption-pipettes, but, 
since similar gaseous mixtures are generaUy analysed by using the same 
pipettes repeatedly, the liquid in each pipette will gradually become 
satumted with the gas. However, when a fresh solution is employed, the 
second and third determinations made with the new solution will, for the 
above reason, be more accurate than the first, unless a preliminary 
saturation of the solution with the gas mixture has been effected. 

Carbon Dioxide in Fomace Gases. Use a simple ebsorption-pipette 
containing a solution of potassium hydroxide (p. 469). A more exact 
method for a small percentage of carbon dioxide in air is described on 
p. 484. 

Oxygen in Atmospheric Air, Fill the absorption-pipette with a con- 
centrated solution of alkaline pyrogallaie (p. 409). 

Tlie average percentage by volume of oxygen in air is 20*00. 

Carbon Dioxide, Oxygen and Nitrogen in a Mixture. Absorb the gases in 
the following order in the reagents specified : 

1. Carbon dioxide, by potassium liydroxidc solution. 

.2. Oxj’gen, by alkaline pjTOgallatc solution. 

8. Measure the residual nitrogen. 

Carbon Dioxide, Oxygen, Carbon Monoxide and Nitrogen in a Furnace 
Gas. Absorb the gases in the following order by the reagents specified : 

1. Carl>on dioxide, by potassium hydroxide solution. 

2. Oxj’gcn, by alkaline pyrogallate solution. 

8. Carbon monoxide, by freshly-prepared cuprous chloride solution 
(p. 409). 

4. Measure the residual nitrogen. 

Carbon Dioxide, Olefines, Benzene, Oxygen, and Carbon Monoxide, 
Hydrogen and Methane in Coal-gas, Generator-gas and Similar Mixtures. 
Absorb the'gascs in the following order by the reagents specified, using a 
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Hempel burette containing water saturated with the gas which is to be 
analysed : 

1. Carbon dioxide, by potassium hydroxide solution. 

2. Olefines and benzene together, by means of fuming sulphuric acid, 

subsequently removing the acid fumes by potassium hydroxide 
solution {Note). 

3. Oxygen, by alkaline pyrogallate solution. 

4. Carbon monoxide, by fresh!y*made ammoniacal cuprous chloride 

solution. ■“ 

5. The residual gas is transferred to a Hempel pipette filled with wpter, 

and the hydrogen and methane are determined as is directed 
on p. 474. 

6. Nitrogen will remain as a residue. 

Note. It is diilicult to separate henzene from the olefines. If necessaij*, 
benzene may be determined in the presence of ethylene by absorbing both 
together in fuming sulphuric acid ; the ethylene in another portion of the sample 
is determined by absorption in bromine water of known concentration, followed 
by titration of the residual bromine. Although benzene is absorbed by bromine 
water, the absorption oppears to be physical in character, the benzene being 
neither brominated nor oxidised in the process. 

By employmg the Winkler Burette (p. 469) or the Lunge Nitrometer 
(p. 477) the following gases, which are more or less soluble in water, can 
be determined by means of the absorbents specified in each case : 

AmmontOy by dilute sulphuric acid. 

NftrCc oxide, by a concentrated solution of ferrous sulphate (c/. p. 359 ) . 

Nitrous oxide, by alcohol. 

Sulphur dioxide. Chlorine, Hydrochloric add, by a solution of potassium 
hydroxide. 

Hydrogen sulphide, by a solution of copper sulphate, acidified with dilute 
sulphuric acid. 

Determination of Gases by Ateorption in the Hempel Apparatus 

Determination of Hydrogen by Combustion in Air over Palladinised 
Asbestos. The hydrogen is mixed with air, and is passed through a glass 
or fused-silica tube of 1 mm, bore, which contains a gently-healed fibre of 
asbestos covered "with finely»di\'ided palladium {Note). 

The hydrogen combines with the oxygen of the air to form water, wluch 
occupies no appreciable space. The contraction in volume which occurs 
as a result of the combination is noted, and the volume of hydrogen which 
was originally present will be equal to two-thirds of this contraction. 
Hydrogen gas bums readily in this way, carbon monoxide more slowly, 
and, provided the heating is carelully <x>ntrolled, methane does not bum 
at all. 

Note. A narrow platinum tube contaiaing palladium wire, or a tube of gl*^ 
or fus^ silica packed with small pieces of palladium, may replace tlie tube 
containing palladinised asbestos. 

Preparation of the Palladinised Asbestos. Dissolve l grm. of pallad^m 
aqua regia, and evaporate the solution to dryness on a water-bath in om« i 
remove free acid. Dissolve tlie residue in a email quantity of water, uud ab 
6 ml. of a saturated solution of sodium fonnate, and then add soditqn caroonai 
solution until the reaction of the liquid it strongly alkaline. 
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Introduce into this liquid about 1 prm. of strong-fibred asbestos, which 
should absorb the whole of the solution. Remove the asbestos and heat it on 
the srater-bath until it is perfectly dry; then soak the fibres in a little water, 
place them in a funnel, and wash out the soluble salts. 

The palladiniscd asbestos prepared in this way has a grey colour, and contains 
about SO per cent, of palladium. It will cause a mixture of hj-drogen and oxj-gen 
to combine at the ordinary temperature of the air, but the combination proceeds 
more rapidly when the fibre is heated. 

Reparation o! the Capillary Combnstion-^tnhe. Procure a piece of fused 
silica or thick-walled, hard-glass tube 1 mm. in bore and 20 cm. in length. 
*0100 lay a few loose palladinised asbestos fibres, about 4 cm. in length, side by 
side on smooth filter-paper, moisten them with a drop or two of water, and 
twist them into a thread about as thick as stout sewing-cotton. Take up this 
thread ^^^th forceps and push it down, the tube, which is meanwhile held 
Nertically. Now fill the tube svith sralcr, and bring the asbestos thread into 
the middle by shaking the tube. Then drain off the water, dry the tube, and 
bend down its ends at right angles. The tube is now ready to take the place 
of the ordinary capillary tube {c. Fig. 100, p. 408). 


The DeteTminaiion oj Hydrogen. It is well to obtain some experience 
with known volumes of hydrogen and air before undertaking a determina- 
tion of an unknown volume of hydrogen t 

The wlume of liydrogen taken should not execed 25 ml. Read off the 
volume carefully, tlicn lower the prcssurc*tube of the burette and allow 
about 75 ml. of ale to enter the measuring*lubc. This will supply more 
than sxiniclcnt o.xygcn to burn all the hydrogen. After odjusting the levels 
of the water, read the total volume of the gaseous mixture accurately. 

Interpose the capillary combustlon-tubc* between the burette and a 
simple absorption pipette which is filled with water. Next heat the middle 
of the capillary tube gently over a small flat gas-flame or the flame of a 
spirit-lamp (the temperature should not exceed -lOO® C.), and pass the 
gaseous mixture verj’ slowly through the lube from the measuring-tube 
into the pipette by raising the pressure-tube. . Tlie end of the osbestos 
thread will usually glow when the gas reaches it. Tliis “ glow ” should 
be reduced to a minimum, because it leads to local heating of the gaseous 
mixture, and to the oxidation of some methane, if this gas is present. 
The “glow” may be reduced by reducing the speed of the gas and by 
remoNing the flame. If the capillnrj’ tube is of glass, care must be exercised, 
since the rcmoTOl of the flame may lead to condensation of water and 
consequent cracking of the tube. 

As soon ns the gas lias passed over completely, dmw it back through 
the heated tube Into the measuring-tube. Then in the s.amc way cause 
the gas to pass forwards and backsvanls several times over the heated 
asbestos. In the case of a readily combustible gas like hydrogen, the 
combustion should now be complete. Read accurately the new volume 
of the gas, and note if it becomes further reduced after the gas has been 
passed once more over the hot asbestos. These processes must be repeated 
until no decrease in volume is noticoil after the last passage of the gas 
over the heated asbestos. 

Ry subtracting the volume of the residual gas from the original volume 
of the mixture, the contraction of volume which has been caused by the 
oombustion of the hydrogen is found. TIic ^x)hlmc of hydrogen which lias 
Ikxh burnt is equal to two-thinls of this contraction. 
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Example. la a particular detenniaation, the following numbers were 
obtained : 

T’ ’ . - ’ ' ■ . . • • 8 

■ ■ « .8-0 nil; 

I! ■ ■ ■ «... * 22-8 =75-2 ml. 

[Assuming the percentage volume of oxygen in air to be 21 , the volume of 
oxygen introduced = 15'8 ml. Now22-8 ml. of hydrogen require 11-4 ml. of oxygen 
for^their complete combustion ; hence, even if the gas under analysis were all 

I . ■ . . ^ _ • jjjg combustion is 

98 U — t^-U » a* mi. 

Hence the volume of hydrogen originally present =s ^ « 22-7 ml. 

Detennination o! Hydrogen, Methane and Nitrogen. 

In the analysis of coal gas and similar mixtures, the gases mentioned 
on p. 471 are first removed by absorption. 

One of two methods may then be adopted. •' Either (1) the hydrogen 
may be first determined by combustion (see above), and the methane 
may then be mixed with oxygen and exploded ; or (2) the hydrogen and 
methane may be mixed with oxygen and burnt simultaneously. In 
either case the nitrogen will be measured by difference. 

1, First Method. The Hempel apparatus is filled with water as usual, 
and the gas, or an aliquot portion of it, is then mixed with air, and the 
hydrogen is determined as is described on p. 472. The gaseous mixture 
will now contain only the methane and nitrogen, together with a known 
volume of nitrogen and oxygen from the added air. The methane and 
nitrogen in this mixture are detennined as follows : 

About 20 ml. of the gas are mixed with more than the volume of oxygen 
required for their complete combustion, the total volume is then carefully 
measured and the mixture is fired. 

Note. Bunsen states that if the proportion of combustible gas in the mixture 
is less than 20 or more than 64 per cent., oxides of nitrogen may be formed. If 



Fig. 140. The Hesspei. Explosion-pipette. 
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The mijcture is fired by the spark from an induction-coil in a special 
form of Hempel explosion-pipette (Fig. 140) which contains mercury 
instead of water. 

The gas is introduced into the pipette and is brought approximately 
to atmospheric pressure. Then the stop-cock (d) is closed. To prevent 
loss of gas during the firing, the rubber tube connecting the burette with 
the pipette should be bound by wire on to the pipette at (e), and closed 
by inserting a tightly-fitting piece of glass rod. A screen, to protect the 
face in case of a burst, is placed in front of the pipette and the mixture is 
sparked. 

The decrease in volume caused by the explosion is then measured by 
opening the stop-cock (d) and at once returning the gas to the burette. 
The further diminution In volume resulting from the absorption of the 
carbon dioxide produced is also found. The volume of methane originally 
present in the mixture will be equal to the volume of carbon dioxide 
absorbed, as is seen from the equation t 

CH^ 4- 20, = CO, -f 2H,0. 

The volume of nitrogen in the originol mixture is found by 
subtracting the sum of the volumes of hydrogen ond of methane from 
the volume of the original mixture. 

2. Second Method. About 30 ml. of the mixture of hydrogen, methane, 
and nitrogen are made up to 75 ml. by the addition of oxvgcn (sec iVofe, 
p. 474). 

The mixture is fired in the Hempel cxplosion-pipelle ns before, the 
contraction in volume which is caused by the combustion is measured, 
and the further contraction which results from the absorption of the 
carbon dioxide by potassium hydroxide solution is also observed. Tlic 
volumes of hydrogen and of methane are then calculated as follows : 

If a: = the contraction in volume caused by firing, ond 

y = the contraction in volume caused by the subsequent obsorption 
with potash, ^ 

2 

Then the volume of hydrogen = - {« — 2y) 
and the volume of methane = y. 

The above equations are based upon the facts that (1) the contraction 
of volume caused by firing is due to the combination of free and combined 
hydrogen with part of the oxygen present, to form water ; and (2) the 
CH, forms its own volume of carbon dioxide. 

Example of Coal-gas Analysis. The sample of coal-gas was collected in a 
Hempel burette, wWch had been 01ed with water previously saturated with 
coal-gas. The original volume of gas was 99 ml., and this was treated 
successively with the following reagents with the results stated below. 

1. Potassium hydroxide gave nbsorption, hence carbon dioxide was 
absent. 
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2. Alkaline pyrogallate holution gave : 

Before absoiption = 09-0 ml. 

After absorption = 98*8 ml. * 

The volume of oxygen — 0'2 ml. and 
The percentage of oxygen = 0-2 x = 0 2, 

3. Fuming sulphuric acid, followed by potassium hydroxide solution gave 

Before absorption = 98-8 ml. 

After absorption = 93-5 ml. 

The volmpeofolefincs and benzene = S-Sml. and 

The percentage of olefines and benzene *= ^ X 100 = 5-4. 

4. Cuprous chloride solution gave ; 

Before absorption = 03-5 ml. 

After absorption = 87-0 ml. 

The volume of carbon monoxide *= 0 5 ml. and 

The percentage carbon monoxide =» 0 5 X ^ = C-C. ' 

5. The residual 87 ml. of gas, containing methane, hydrogen and nitrogen, 
were returned to the pipette, and the water in the burette was substituted by 
water saturated with air. 

30 8 ml. of the gas were then mix'ed with sulTicient oxygen in the e^mlosion- 
pipette,,and the total volume was now 73-2 ml. Tliis mi-xture was fired with a 
spark ftom an Induction coil, the volume was read off, and tlie residual gas ivas 
then exposed to potassium hydroxide solution. The volumes read were : 

Before firing = 75*2 ml. 

After firing =* 25 9 ml. 

The total contraction = 49-8 ml. 

Before absorption =» 25-9 ml. 

After absorption » 13-0 ml. 

The carbon dioxide from the methane = 12-0 ml., and 
Hetice the. volume of oneUiacie = 12 0 ml., and 

The percentage of methane = 12 X X ^ = 84-2 {NQte). 
Also the volume of hydrogen = X jg ) « SX^ _ jg.g and 

The percenta^ of hydrogen = lC-9 X X ^ =* 48-2. 

The percentage of nitrogen ^by difference) = 100 — 94-0 = 5-4. 

Note. Coal gas may contain a small amount of ethane and of other 
hydrocarbons. In this determination such parafOns would count as metna , 
but this would not have an important influence on the result. 

Determination of Carbon Monoxide by Combustion. Tlie methods for 
determining hydrogen by combtistion {pp. 472, 474) also apply to e 
determination of carbon monoxide in a furnace gas, provided the carM 
dioxide pr^ent in the mixture has first been removed. From the equation 

' 2CO + O, = 2C0, 

2 Tob. 1 ToL 2 vob. 
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it will be seen that the original volume of CO is double the contraction 
caused by its combustion ; or to two-thirds of the total contraction 
caused by the combustion, follo^ved by the absorption of the resulting 
carbon dioxide by potassium hydroxide solution. 

^^^len carbon monoxide is to be determined in the presence of hydrogen, 
in order to calculate the volume of each of the gases, it is therefore 
necessary to note both the contraction caused by the firing and the loss 
of volume which is afterwards caused by the absorption of the resulting 
carbon dioxide. 


THE LUNGE NITROMETER 

The Lunge Nitrometer (Fig. 141) is so called because it was originally 
devised by Lunge for the analysis of “ nitrous vitriol." It can be used in 
many analytical processes which involve the 
measurement of a gas. 

Like the Hempel burette, it consists of two 
tubes, the measuring-tube and the pressure- 
tube. The measuring-tube (a) in Fig. 141 has 
a capacity of 50 ml., and is graduated in tenths 
of a millilitre ; it may be calibrated os described 
on p, 465. The measuring-tube is connected by 
thick-walled rubber tubing with the pressure- 
tube (6), which is notgraduated. Theapparatus 
is usually filled with mercury. A three-way 
stop-cock (d) is fitted to the top of the 
measuring-tube (a). This cock is also m 
connection with a cup (/), and a strong 
capillary tube (c). In the figure, the stop-cock 
is shown making communication between the 
^ measuring-tube and the cup. When the stop- 
cock is turned half round, communication is 
made between the capillary tube and the 
measuring-tube ; but if the stop-cock is turned 
only one-quarter round, the capillary tube, the 
measuring-tube and the cup arc all cut off from 
each other. 

It will be seen, therefore, that this stop-cock .jjjg 

makes it possible to draw a gas into the NirROiiEXER. 

measuring-tube through the capillary inlet (e). 

The gas can then be exposed to a liquid reagent by pouring the'reagent 
into the cup (/), putting the cup into communication with the measuring- 
tube (o), and drawing the liquid into the measuring-tube by lowering the 
pressure-tube (6). The entrance of air into the measuring-tube through 
the cup is prevented by turning the stop-cock one-quarter round as soon 
as all the liquid has entered. 

Another Form of the Nitrometer is used for measuring larger volumes 
of gas. For this purpose a bulb is blown in the measuring-tube {a) 
immediately before the stop-cock. The bulb has a capacity of nearly 
100 ml., the first graduation on the tube below the bulb is for 100 ml., 
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and the graduations are continued down the lube to 140 ml. A bulb is 
also blown in the lower part of the pressure-tube (6) and must be large 
enough to hold the mercury for the measuring-tube. Some applications of 
the Lunge nitrometer are ^escribed in the following paragraphs. 

Determination of Oxides of Nitrogen in Nitrous Vitriol 

Clean and dry the stop-cock (d) of the measuring-tul)e of the nitrometer 
(Fig. 141) and the seat into which it fits. Then smear some \’aselm h'ghtly 
over the stop-cock, push it home into its seat, and turn it imtil the cup (/) is 
in communication with the measuring-tube (a). 

Pour mercury into the pressure-tube imtil the mercury fills the 
measuring-tube (a) and just enters the stop-cock, and also rises about 
5 cm. above the rubber joint in the glass pressure-tube (6) when the latter 
is raised. Carefully remove any air bubbles which may be sticking to the 
inside of the measuring-tube. 

Then close the stop-cock, and lower the pressure-tube until the level 
of the mercury in it is considerably below that of the mercury in the 
measuring-tube (a). If the apparatus is air-tight and has been freed from 
air bubbles, no bubble of air will be visible at the top of the mercury 
column in the measuring-tube (a) after the apparatus has stood for several 
minutes. Then bring the surfaces of the columns of mercury in both tubes 
to the same level by raising the pressure-tube (b). 

Pour into the cup (/) a known volume of the nitrous vitriol (Nirfe), 
e.g.f ttom 0-5 to 5 ml., according to the quantity of the oxides of nitrogen 
wljiich the vitriol is believed to contain. 

Note. It any SOj is present in the m'trous vitriol, it must be oxidised by 
adding carefully a small quantity of powdered potassium permanganate before 
the acid is introduced into the nitrometer. 

Now open the stop-cock cautiously, and allow the acid, with the 
exception of a small drop, to run into the measuring-tube (o). Then 
pour into the cup S ml. of concentrated sulphuric acid, free from nitrous 
compounds, and allow this to run into the measuring-tube (a). Repeat 
this operation with 3 ml. more of the pure acid, taking care that no air 
enters the tube. Then stuff the cup'(/) with filter-paper to prevent any 
sulphuric acid left in it from splashing out when the tube is taken. 

Grasp the measuring-tube in tlie hand, unclamp it, pad start the 
evolution of nitric oxide by bringing the acid into contact wifTfthe mercury. 
This is effected by lowering tbe tube several times almost to the horizontal 
position, and then by suddenly raising it again to an upright position. 
Finally shake up the mercury with the acid until no more gas is given oil. 
Use a rotary movement to produce an intimate mixture of the acid witli 
very small globules of mercury. 

Then clamp the tubes (a, b) at such relative heights that the gas in 
the measuring-tube is approximately under atmospheric pressure. For 
this purpose it may be assumed that T-C mm. of the acid in the 
measuring-t\ibe balance 1 ram, of mercury in the pressure-tube. Allow 
the apparatus to stand in this position for at least an Iiour, until its 
contents have cooled to room temperature. 

The levels of the tubes are now once more adjusted, if necessaiy, A 
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httlc concentrated acid is poured into the cup(/), and the stop-cock 
(d) is cautiously turned, so as to place the cup and the measuring-tube 
in communication wth one another for a moment. It is easily seen 
whether the acid in the cup tends to enter the measuring-tube, or to be 
expelled, and the level of the pressure-tube can be adjusted accordingly, 
until the gas is exactly under atmospheric pressure. 

T ■ ‘ ' ’ ^ * 1 I— *1-. 

■ . 

The volume of the gas is then road off, and the atmospheric 
temperature and pressure are noted down at the same time. It is well 
to take another reading of the volume after half an hour, and if this agrees 
with the first, the gas must have attained the atmospheric temperature. 
As the vapour pressure of the acid is negligible, no correction need be 
applied to the atmospheric pressure in reducing the volume of the gas to 
“N.T.P.” Each millilitre of nitric oxide at 0* and 760 mm. (p. 461) 
represents l-3t0 milligrams of this gas. This is equivalent to 0-626 
milligrams of nitrogen, to 1-698 milligrams of nitrogen trioxide, and to 
2 815 milligrams of nitric acid. 

After the volume has been read, raise the pressure-tube (6) ; then open 
the stop-cock, so as to allow both the gas and the acid to pass from the 
measuring-tube through the capillary tube, the acid being collected in a 
beaker. Unless the mercury is very dirty, the apparatus may be used 
again without cleaning. Any nitric or nitrous odd present in the vitriol 
is reduced to nitric oxide (sec equation below). 

Determination of an Alkali Nitrate by the Lunge Nitrometer 

This method is similar to that used for the determination of the' 
nitrates in crater (p. 858). A quantity of the nitrate, which w'll evolve 
rather more than 100 ml. of nitric oxide gas, is weighed, and is intro- 
duced into the larger form of nitrometer (p. 477) ns is directed below. 

The reaction is represented by the following equation : 

2NaN03 + 6Ug -f- 4H,S04 = 2NO + SHgjSO, -f Na^SO* -f 4H,0. 

For practice in the method, weigh out 0 4 grm. of finely-powdered 
sodium nitrate. Place this powder in the cup (/ ) of the nitrometer, and 
add about 0-5 ml. of water. As soon as the nitrate has dissolved, draw 
the solution into the measuring-tube. Then pour about 0-5 ml. of water 
into the cup, and draw this also into the measuring-tube. 

Finally introduce 16 ml. of concentrated sulphuric acid, and proceed 
as described on p. 478. The apparatus should stand for two hours before 
the reading of the volume is taken in order that the gas may attain the 
atmospheric temperature, and another reading, taken half an hour later, 
should correspond with the first. Kach millilitre of gas, at normal tempera- 
ture and pressure, represents 0-799 milligrams of sodium nitrate. 

Gas Analysis by the Lunge Nitrometer 

By employing the Lunge nitrometer with Hcmpel pipettes, gases 
which are soluble in water c.an be determined. Instead of the ordinary' 
IIemi)cl pipettes, similar pipettes of smaller size and partially filled with 
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lucreurj’ may be used. All the gases mentioned on p. 471, except chlorine, 
can be determined in this irajt. . 

In certain cases absorption may be effected in the nitrometer itseJf. 
The absorbing liquid is drawn from the cup into a measured voloine of 
the gas, contained in the measuring-tube. The tube is then shaken, and 
the volume of the residual gas is read off os has already been described. 

The Lunge nitrometer may also be used for tfie analysis of gases 
dissolved in water or in other liquids. The gases are removed by boiling 
the water and are received directly in the measuring-tube of the nitrometer. 
The method is only approximate j more accurate methods, which depend 
on removing the gases by warmiog the water under reduced pressure, 
require special apparatus (see references on p. 519), 

Analysis of Cases dissolved in ff'o/er. Connect a dask, of known 
capacity, with the capillary tube (e) of the Lunge nitrometer by fitting 
one end of a short piece of narrow rubber tubing over the capillaiy 
tube (e) and attacliing the other to a short piece of glass capillary tubing 
which passes just through a cork in the neck of the flask. 

Now fill the nitrometer witli mercury and- the ftask %Tith the liquid 
containing the gas. Connect the capillarj' (e) with the measuring- 
tube (a), and press do^vn the cork into the neck of the flask. The air 
from the connecting tube is thus transferred to the measuring-tube, 
and the liqudd vdll fill the capUlaiy tube. Turn the stop-cock, and 
expel the air from the measuring-tube tlux>ugU the cup(/) by mising 
the mexcuiy level. 

Again connect the flask with the measuring-tube (a), and heat the 
liquid in the flask until all the dissolved gas has been expelled. Collect 
the gas In the tneasurlng-tubc by lowering the pressure-lube. Allow the 
gas to cool and measure its volume. Then treat it \rith suitable absorbents. 
This method is approximate because a portion of the unboiled liquid 
Corvtaining the gas is necessarily transferred by the boiling to the 
measuring-tube. 

Determination of Substances which Evolve a Definite Volume of Gas 
vdien they arc Decomposed 

In some cases, the decomposition of the substance may be carried out 
in the nitrometer itself(e.g., see the determination of alkali nitrate, 
but more often the substance is decomposed in a flask connected to the 
nitrometer. The material is weighed into a conical flask, a little tul» 
containing the liquid reagent is added (see Fig. CO, p. GO), a-id the flask is 
closed with a bung carrying a delivery-tube which b connected to the 
capillary tube (e) of the nitrometer, tyiien all is ready, the reagent » 
spilled on to the substance and the gas is evolved. It is usually collccte 
over mercury, but, as the reagent is frequently a dilute, aqueous solution, 
the gas will nevertheless be wet, and this fact must be remembered when 
correcting the measured volume of gas to norrn.'il temperature and pressure. 

Determination of Ammonium Salts or of Urea by the Kitrometcr. 

0-25 grm. of the solid substance isaciairately weighed out, and isintroducea 
into the decoinposition-flask f 25 ml. of sodium hypobromitc solutioa 
below) are then introduced into the inner tube. The pressure-tube (*) “ 
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adjusted so that the surface of the mercury in it is about 5 cm. below the 
stop-cock (d), whicii is then turned so that the measuring-tube (o) is con- 
nected -with the atmosphere. Tiie mercury surfaces in (a) and (6) are made 
level and (fl) is brought into.comnnmicatlon with the flask. If the air in 
the flask is at atmospheric pressure there will be no movement of the 
mercury. This will not usually be the ease, and the mercuiy levels in 
(a) and (&) are again made the same. If, after ten minutes, there is no 
substantial movement of the mercury, the final adjustment is made and 
the reading taken. The volume of air now in the tube must be subtracted 
from the final volume of the gas evolved. 

The solution of sodium hypobromite is spilled on to the substance, 
and the contents of the flask are shaken gently until no more gas is given 
off. Tlie mercury levels are adjusted approximately, and the whole 
apparatus is allowed to stand for fifteen minutes. The levels are then 
adjusted accurately, and the volume of the gas and air in (c) and the 
atmospheric temperature and pressure are read. The volume of gas is 
then corrected for the vapour pressure of water, and for temperature 
and pressure. 

The reactions which take place are t 

2NHj -I- SNaOBr = 3HjO + 3NaBr -f N* 

CO(NH,), + SNaOBr = SNaBr + CO* -f N* -f- 2H*0. 

The carbon dioxide m the latter case is retained by the sodium 
hydroxide in the hypobromite solution. 

^^nunonia evolves, under the above conditions, 97-5 per cent, of its 
nitrogen, and urea 92 per cent. Each ml. of nitrdgen evolved, after 
correction for temperature, pressu^’ and moisture, accordingly corresponds 
with 0 001S59 grm, of ammonia, and with 0 00291 grm. of urea ; or, 
with 0 00268 grm. of urea, on the assumption that the urea evolves all 
its nitrogen. This assumption, however, is only correct when much sugar 
is present (see below). 

The Sodium Hypobromite Solution is prepared by dissolving 100 grm. 
of sodium hydroxide in 250 ml. of water, and by mixing 25 ml. of the 
cold solution with 2-5 ml. of bibmine immediately before the reagent is 
required ; this quantity suffices for one determination only. • 

The Determination of the Percentage of Urea in Urine is frequently 
required for medical purposes. Thus, 5 ml. of the urine (diluted to 50 per 
cent, strength if the urea content is unusually high) are placed in the 
decomposition-flask, and 25 ml, of the sodium hypobromite solution in 
the inner tube. 

The results may be inaccurate because : 

(1) Other nitrogenous compounds in the urine besides the urea evolve a 
small volume of nitrogen, although this amount is usually so small that it 
may be safely disregarded. (2) The presence of glucose in diabetic urine 
increases the proportion of nitrogen evolved. Tlie error here may be 
considerable, but if the diabetic urine is mixed witii a weight of cane 
sugar ten times as great as that of tlie urea which it contains, the urea 
will evolve at least 99 per cent, of its nitrogen. (3) Only 92 per cent, of 
the nitrogen in the urea is evolved (see above). (4) If albumen is present 
in largo amount, it must be coagulated by heating the urine with a few 

‘JCA’? cnrjt iifii. 10 
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drops of acetic acid : the liquid is then filtered, and tlie clear filtrate is 
used for the determination. If this treatment is omitted, the considerable 
amount of froth produced in the measuring-tube makes the measurement 
difficult or impossible. 

Determination of Substances which evolve Carbon Dioxide when they are 
Decomposed. The same method may also be used for determining the carbon 
dioxide evolved from carbonates, 8udi as " » , , , 

bicarbonates, limestone and bonc-charcoa ■ ' < 

for the evaluation of manganese ores by r , 

the determination of oxalates by means o ‘ ■ • t i • • 

to the Solubility of carbon dioxide in the t 
low. 

It is stated that if iO ml. of hydrochloric ocid of 3*12 specific gravity are used 
for the decomposition of carbonates, the addition of 7 per cent, to the obser\-ed 
volume gives the correct result. More accurate methods are described on 
pp. 85-01. * 



i;. ■ i'. ■ • • * • • ’ ■ )xide 

■ ■ • „ ) nil. 

• : ' •..•*! 1 the 

1 : • ' • . • • sed: 

aiOInO* -K 5HjO, -I- SHiSO* « ICjSO* -b BSInSO* + 8HjO + 50„ 
from which it h evident tfiat half the volume of oxygen wliich is liberated h 




MICRO-ANALYSIS OF CASES 

The Constant Volume method has recently been adapted by Ambler 
(p. 510) for micro-purposes, and it enables 1-ml. samples of gas to be 
analysed with an error of only about 1 per cent. ; or Od per cent, for 
15-ml. samples. The method is based on the measurement of the pressure 
of a gas when it occupies a certain volume nt a definite temperature, os 
distinct from the converse metliod described in the preceding pages, in 
which the volume of the gas is measured at a constant pressure anti 
temperature. In addition, rubber connections which may cause lenks or 
air-locks, are eliminated ; the volume of absorbing solution is reduced so 
as to minimise its solvent effect, as distinct from its specific chemical 
alisoqitfon for the gas ; and the sensitiveness of the reading devices w 
increased. Levelling and parallax difficulties are ovoided, and only small 
quantities of mercury and reagent are required. After a little 
the method lias proved botli simple and rapid, and mixtures of nifl 
constituent gases have been analysed in thirty minutes. 
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The Apparatus (Fig. 142) consists essentially of three vertically-connected 
glass bulbs, 1, 3 and 6 ml., respectively, in volume, each or all of which 
are used according to the volume of sample available. They are enclosed 
in a constant-temperature water-jacket, and are connected at the base 
with the manometer Mj, and at the top, through the 3-way taps Tj and 
Tg, either to the air (at A), to a reservoir (Rg), or to a 25-mI. absorption 



Fig. 14.2. Ajiblek’s .Apparatus fos the Micho-Analysis of Gases. 


bulb B, which in the model illustrated is also provided with explosion 
electrodes. The connecting tubes are 1 -mm. bore glass capillaries. The 
other tubes shown on the manometer stand are included for convenience. 
Mj is an auxiliary manometer which enables the progress of absorption 
to be followed, and N can be used as a barometer tube. 

The manometer reading (fe) when the bulbs are filled at atmospheric 
pressure must be kno^vn, but need be determined only once, namely, by 
opening the bulbs to the atmosphere via Tj, Tg and Rg and bringing the 
mercury in them to the appropriate mark l^ means of R^. 
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Procedure. Fill B with mereuiy, and transfer the sample to it through 
A by loM'ering the reser\’oir R, ; if the sample is contained in an inverted 
test-tube, a capillarj' U-tube may be attached to A for this purpose. 
IVIanipulate and T, so that the gas is transferred to one or more of the 
bulbs for measurement, and this is done by taking the manometer reading 
when the bulb system is filled Trith gas to the 1-, 3- or 0-ml. mark, as 
required ; during this process the top of the bulbs may be sealed against 
leaks by allowing mercury from B* to fill tlie horizontal tube between Tj 
and the top bulb, via T, and 1*,. 

Now introduce into B, tna A, the necessary quantity of gas-absorbing 
solution, transfer the gas from the bulbs to B for absorption (which is 
aided by shaking this portion of the apparatus en bloc), and pass the 
residue back to the bulbs for measurement, taking care that the sealing 
column of mercury is at the ^ame point as In the original measurement, 
and that the temperature of the water-jacket lias not changed. 

Calcolation. Let, 

a cm. = manometer reading before absorption. 
b cm. = manometer reading after absorption. 
li cm. =s manometer reading with bulbs at atmospheric pressure, 
e cm. s= barometric pressure. 

to cm. vapour-pressure of water at the temperature of the deter- 
mination (see p. 409). 

V ml. ss volume of bulb system used. 

Then, Che partial pressure of the gas being analysed =* (a -f c — A — to); 
this need, of course, be determined only once for ^ch analysis. Then the 
volume of the gas at normal pressure is, initially, 

. o(a -f c — A — tt')/7DmI. 

TIic corresponding volume after absorption is, 

0 (6 -f c — A — «’)/70 mb, 

so that the volume of gas absorbed is, t» (a — b)/70 ml. ; or, 

100 (a — b)/(a + c — A — lu) per cent. 

\ ' 

DETERMINATION OF GAS BY ABSORPTION AND TITRATION 

Determination of Carbon Dioxide in Air by Titration, By the 
Pettenkofer JVIethod 

Since carbon dioxide is a product both of respiration and of 
combustion, it frequently /accumulates in the air of closed rooms. A 
simple and rapid method for its determination in the air is therefore o 
grc.at importance, because the result enables a judgment to be forme 
regarding the efficiency of ventilation. 

The average percentage by volume of carbon dioxide in the olmosplie 
is from 0 029 to 0 030. 

The Pelleakofet Melhod ol detennining Cation Bioiiae In Ait 
upon finding the amount of calcium or barium hydroxide which » p 
cipitated os carbonate from solution, when lime- or bnryto-wntcr 
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excess is shaken with n .known volume of the air. A kno%m volume of 
lime-water, the concentration of which has been detennined by titration 
with a standard solution of an acid, is again titrated with the acid after it 
has been exposed to a measured volume of the air. The weight and the 
volume of carbon dioxide, whieh xvas present in the kno\vn volume of air, 
can thus be calculated. The following are required ; 

(а) A Strong Clear Glass Dottle, from 8 to 10 litres in capacity, which can 
be made air-tight by means of an accurately-fitting rubber stopper. The 
exact capacity of the bottle is ascertained by filling it with svater to a 
scratch on the neck, which marks the bottom of the stopper; the crater 
is then poured into a measuring-vessel in order to determine its volume. 
The volume of the bottle should be marked permanently on the bottle 
itself. 

Tlie bottle is thoroughly cleaned, rinsed out several times with distilled 
iratcr and dried, either bj’ Ic.aving it to drain for some time in an inverted 
jiosition ; or, more rapidly, by rinsing it wth acetone, draining off as 
much of the acetone as possible, and b}' evaporating the remainder by 
sucking air through the bottle, using a flitcr-pump. The clean dry 
rubber stopper is then pushed in, until it reaches the mark on the neck. 

(б) A Hand Dello-xs with rubber tulie on the nozzle, by means of whicli 
the air from any desired locality can be blown into the bottle to displace 
the air already present in it. They should be clean. 

(c) Saturated Lime’U'alcr, made by repeatedly shaking up freshly-slaked 
lime Mith water and a few drops of b.arlum chloride solution in a Wnchester 
quart bottle. The solution is cither allowed to stand until it is clear, or it 
is filtered. The perfectly clear solution is stored in a stoppered Winchester 
quart bottle. 

(d) A Standard Hydrochloric Acid Solution, prepared by diluting 50 ml. 
of N. hydrochloric acid to 1 litre with distilled \mlcr, which has been 
recently boiled. for a quarter of an hour (to free it from dissohed carbon 
dioxide), and tlicn cooled. I’kich iinUilitrc of this 0 05 X. acid corresponds 
with 0-500 ml. of carbon dioxide measured at 0® C. and at 700 mm. 
pressure. 

(e) A Solution of iVienolphthalein to serxe ns indicator. 

Procedure. Hy means of the bellows (6) a volume of the air xvhich is 
tu be tested, equal to at least six times the volume of the bottle, is bIow*n 
down to the Iwttom of the bottle (a) ; 100 ml. of the lime-water (c) arc 
then at once Introiluccd, the rubber stopper Is inserted, and the atmospheric 
tem}>cmlurc and barometric pressure arc noted (Note 1). 

Tlic buttle is now laid on its side and is rolled along on a level surface, 

as to wet the interior with the limc-wntcr. This process is repeated 
Mjvcral limes during lialf an hour; 20 ml. of the liquid arc then svith- 
drawn from tlie bottle, by means of a dry pipette with o rubber lube 
allachfd to Its top, and the bottle is Immediately closed (Note 2). The 
-0 ml. arc at once titrated in a small flask xvilh the slandanl hydrochloric 
acid ((/), using phcnolplitluilcin ns indicator. The titration should be 
rriHwtctl. 

The volume of acid which would be required hy 100 ml. of the llinr- 
'mter, after exposorc to the air In the Imttlc. is calculated from the results 
obtained. A measured volume of the original Hme-Acatcr (r) Is tberi 
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titrated with the standard acid. The difference between the volumes of 
the acid solution required for 100 ml. of Iime*water before and after its 
exposure to the sample of air is equivalent to the carbon dioxide present. 

Note 1. A Smaller Bottle of about 2 litres capacity may be used for the air- 
sample once experience has been obtained in the process. The bottle is closed 
by a tightly-fitting double-bored rubber stopper, the holes of which are closed 
by pieces of glass rod. One of these is momentarily removed to allow the introduc- 
tion of 20 ml. of lime-water, by means of a pipette, into the bottle. After the 


being released occasionally by removing the glass rod from the second hole in the 
stopper. 

Note 2. It is obviously necessary to guard so far as is possible against the farther 
absorption by the lime-wuter of carbon dioxide from the open air. Titration in 
air gives a result which is sufficiently accurate for ordinary purposes, provided it 
is performed rapidly. The use of the smaller bottle, in which the lime-water is 
titrated without being removed, is, of course, preferable. 

Example, The results of an actual determination were as follows : 

Capacity of the bottle = 2360 ml. ; atmospheric pressure = 702 nun. ; 
temperature of the sample of air = 15** C. 

20 ml. of the original lime-water required 18 0 ml. of 0 05 N. HCI, 1 ml. of 
■which corresponds with 0 56 ml..of CO, at 0* C. and 700 mm. pressure. 

20 ml. of 'the lime-water after being shauen with the sample of air required 
I5*8ml.of0 05N.HCI. 

Therefore the CO, in the sample is equivalent to 
18 0 - 15-8 = 2-2 ml. of 0 05 N. Ha. 

And since each millilitre of this acid corresponds with 0-556 ml. of C0„ the 
volume of CO, = 2 2 x 0-556 = 1-22 ml. at 0® C. and 7C0 mm. pressure. 

The volume of air in the bottle at 0® C. and 7C0 mm. pressure = 

X 702 .0043 n.1 

. 760(1-1- 0 003665 X 15) 

1-22 X 100 

Hence the percentage of CO, by volume = — -■ ■“ 0 034. 
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REFERENCE TABLES. ETC. 

ATOMIC WEIGHTS OF ELEMENTS.— See inside front cover. 
LOGARITHMS. — Sec p. 538 and inside back cover. 

ERRORS AND THEIR STATISTICAL EVALUATION 

TIic ^•ariabi!ltJ' of the rCTuUs obtained ^Hlli many nnalj'scs is often a source 
of anxiety to the operator, although it Is inevitable owtnjj in some cases to the 
nature of tlic method, and in others to variations in the 6.ample. It is therefore 
important to be able to assess the tnie degree of nccuroc}' of the method under 
the conditions used, and to deduce from tliis the true s'alue. If a suITicicnt 
niimher of tests is made, this may be done by statistical methods. Other uses 
of slatlstienl metliods arc for the selection of the best mctlioiis or apparatus for 
a particular purj>ose ; for tlic nnalj'sis of results obtained in routine tests, as n 
guide to trends In manuf.icturing processes; for the estim.itIon of sampling errors ; 
and for the determination of the minimum number of tests neecssarj- to obtain 
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a result having a desired degree of accuracy. No attempt con be made to deal 
with the theory of the subject (see Fisher, p. M8) ; methods only will be indicated. 

The Histogram, or Freqncncy Diagram. ^Vhen a large number of analyses 
of one kind are made on a sample, it is extremely unlikely that all the results 
will be identical ; on the other liand, many of them may be coincident with or 
very near one particular value, and the larger the number of results to which this 
applies, the more likely is it that this particular value is the correct one. The 
histogram show’s in graphical form how the results are grouped. 

Suppose, for the sake of an example, that J, 000 determinations of the h.ardness 
of a wafer have been made, and that the results are distributed as follows ; 


Uftraness (degrecu) 

14-16 j 

16-18 j 

18-SO 


22-24 

24-26 

26-28 

28-80 

80-32; 

32-34 j 


Number ct testa j 

UayV3g the value j 

at the head o/ the 

column 

20 j 

SO j 

00 j 

1 

no 

ISO 

210 

120 j 

80 j 

“ 1 

40 j 



The corresponding histogram is plotted in Fig. 143. The horizontal axis 
corresponds ^vith the II groups of values shown in the Table, and the vertical 
axis with the percentage of results in each group. The histogram shows the 
frequency of distribution of the observed results around the “ central value " {T”) 
of 24 to 26. If the histogram is perfectly symmetrical about V (i.e., if the t«ro 
halves of the curve fit exactly when the fl^re is folded along the vertical line 
representing V), then V will be identical with the mean of nil the results, 
and the cuive is termed ** norma! ’* to indicate that it expresses Gauss’s law of 
chance. This Is not so in Fig. 143 ; there is a slight bias towards a lower result 
throughout all the tests. IVhether the curve is symmetrical or not, however, the 
steeper the slope up towards F from either side the nearer docs F Approach 
the mean value. Obviously by reducing the ranges of the groups used (e.g„ to 
a difference of 0-5 or 1 unit, instead of 3 units, as shown), a smoother curve Is 
obtained. 

Calculation of Means and Etion, The histogram shows how the results are 
grouped about the mean value, but it does not give directly the correct result or 
the probable error of the test. In order to obtain this information the following 




from the mean value foiMhe total amount of substance which the sample 
represents. The greater the standard deviation the more variable are tlie indi- 
vidual results TOth respect to the average. The maximum error under the 
K,. *».« '3 8 times thestanoard 

I . .1 . . . I , tjjfg quantity jibove 


accurate mean result to be obtained. 

It will be seen tliat these 
calculation and that imless . ' 
than fifty) they arc of limit ' 
the number of results is small. 
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RESULTS OF TYPICAL ANALYSES 

The purpose of these tables is to supply information about the 
compositions of tj^pical specimens of some common matcriah. This 
information is given, not so that the student may be able to check his 
own analyses, but so that he may have data at hand to guide him in his 
'choice of the method to use in the examination of a substance and in his 
decision os to the weight of the sample to betaken. 

Tables I-V ore based partly on data supplied through the courtesy of 
^^css^s. Tlie Bureau of Analysed Samples Ltd., Markington, Harrogate, 
Yorks, and materials of kno^vn composition similar to those described in 
tliesc tables can be obtained from this Bureau, 

The Bureau issues two sets of samples— Tlie British Chemical 
Standards, and Analj*scd Samples for Students in Sfctallurgical Analysis. 
The members of the former group have been nnalyserl cash by a number 
of independent chemists and serve for purposes of reference, for checking 
mctliods, and for standardising solutions. The Students* Samples, 
prepared specially for those who wish to practise quantitative analysis, 
have been analysed in duplicate by two or three experienced chcmist.s. 

The figures given in the tables are only approximate and srill be of little 
value if use<l ns checks. Detailed exact analj’ses of any of the substances 
supplied arc issued by tlie Bureau. 
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Table 1 


Ferrous Alloys 



c, 

(com- 

clntd] 

81 

a 

P 

Mn 

Othti EUmeaU 

STEEL 






C 99.64 Fe 

“ Pure Iron *’ 

0-04 

0 03 

0 02 

0 01 

0 04 

-{ 0 03 As 

{ 0 05 Cu 

MUd Steel . 

02 

ai 

0-1 

0-1 

0-7 

003 As 

Medium Steel 

0-3 

0-2 

0 05 

0 05 

0-5 

/ 0-15NI 
\ OOlCr 

High Carbon Steel 

0-8 

0-2 

0 05 

0 05 

1-0 

Niekel Steel • . • , 

0-3 




06 

4 0 Ni 

Chrome-Vanadiura Steel . 

0-5 

0-2 

005 

002 

0-5 

s 0-8 Cr 

1 03 V 

1 0-4 -Ni 

3-0 Cr 

Tungsten Steel 

0-7 

0-2 

0-0? 

003 

0-1 

•.08V 

4-5 Co 







16-0 W 
/ 04 Ni 

TuQgeten'Moljbdenum 






3 0 Cr 

J 0-8 V 

Steel 

0-7 

01 

0 05 

002 

0-2 

16 0 W 







1 0-5 Mo 

CAST IRON 




005 


( 2-4 Graphite 

Hsematite 

0-7 

2-0 

0-05 

0-7 

J. 0 05Ti 
[ OOSAs 


Foundry 

0-8 

20 

0 09 

1-0 

1-0 

2-5 Graphite 

High Duty . . ' , 

0 0 

1-2 

0 07 

0.3 

0.7 

1-9 Graphite 
r 2-0 Graphite 

Nickel-Chrome . 

0-8 

1-6 

0 08 

0-3 

0-9 

J 1-7 Ni 
\ 0-5 Cr 

1 0-4 Mo 







r 13 0 Ni 

Auatenitio - . 


20 

0-03 

0-1 

1-0 

1 ^-O Cr 
i 6 0 Cu 

FERRO ALLOYS 







Ferro-Chromium , 

6-0 





70-0 Cv.) 

Low C. Ferro-Chroroium . 

O-I 





70 0 Crl^ 

Ferro-Tungaten 






80 0 W" 

Ferro-Molybdenurfi 






72 0 Mo 

Ferro-Titanium 






23 0 Ti 

Ferro-Vaoadium . 






60 0 V 


\ 

\ 






Non-ferrous Alloys 
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Miscellaneous Substatices and Fuels 
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o 

s 

3 

Mn 

50 

6 

Ph* 

rt la 


2 a » 

1 


% 

12 

Fe,0, 

4 

o 

a 


o 

<4 

lO «o 


Basic Slag 

Superphosphate . 

Portland Cement . • : 

Pnolusite .... 
Muor Spar . . . 



o® o 


goo 

■» 

W-® C5 

c 

-iio 


ooo 

u 

oo*«o cT 


O 00 

.g 

^ OO o 

o 


p. 


S 

-§ 8 fe 

3 

Ife S 

Pl4 «! 



1 

!!! 

a 

to O CO 

1 

O lO ® 

1 


!> 


a 

& 

1-23 

1 30 

1-38 

1 



Dry, Long Flame, Sand Coal 
Bituminous Furnace 

Short Flame .c\nthracito 
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Standard Buffer Solutions at 20° C. 


. (Clark and Lubs) 


I’B. 

50 ml OIM. 
KH ort^o■ 
phthalate 
4-zml 0 1 

N. HCl. 

Pb. 

so ml. 0 1 M 

kH orU) 0 * 
phthalate 
-h z ml 01 
NaOH. 

P«. 

50 ml. 0 1 Jf. 
KH.PO, 
-f-zmi 0-1 X. 
NaOH, 

Pji 

50 ml. 0*1 5f 
H, BO, (made 
iip In 1 0 M 
KCl) zml 
fl*l N. NaOH. 


X 


X 


X 



22 

46-70 

4-0 

0 40 

6*8 

' 3 72 

7-8 

2*61 

24 

30-60 

4-2 

3 70 

60 

5 70 

80 

3 97 

26 

32 05 

4-4 

7 60 

62 

8 60 

8-2 • 

6 90 ‘ 

2-8 

26 42 

46 

12-15 

64 

12 60 

8-4 

8 60 

3 0 

20 32 

48 

17*70 

66 

17 80 

8 6 

12 00 

3-2 

14*70 

5-0 

23 85 

68 

23 65 

8 8 

16 30 

3-4 

0 00 

6 >2 

29 95 

70 

20 63 

90 

21*30 

36 

6 97 

5-4 

35 46 

7*2 

35 00 

9 2 

26 70 

38 

2 63 

56 

30 85 

7*4 

39 60 

9-4 

32 00 



58 

43 00 

76 

42 80 

9 6 

36 85 



60 

4545 

7*8 

45-20 

98 

1 40-80 



62 

47 00 

80 

46-80 

10 0 

43 90 


To obtain the required mix the solutions in the proportions 
indicated, and dilute to 100 ml. 


Indicators for the Colorimetric Determination of Pg Values 

- (Clark and Lubs, and Cohen) 


Indicators 

Ph Range 

Colour Change 

Acid 

Alkaliue 

Thymol blue (acid range) 

Bromo phenol blue 

Bromo cresol green 

Bromo cresol purple 

Bromo thymol blue 

Phenol red ..... 
Cresol red ..... 
Thymol blue {alkaline range) . 
Phenolphthalein .... 

« 

1*2-2 8 
3*0-^ 6 
3*6-5*2 

5 2-6*8 

6 0-7 0 

6 8-8*4 
7*2-8 8 

8 0-9*6 
8*2-10 0 

rose 

yellow 

yellow 

yellow 

yellow 

yellow 

yellow 

yellow 

colourless 

yellow 

purple 

blue 

purple 

blue 

red 

purple 

blue 

red 



of so 

with the resulting colours (in spectral order) : red-orange, 3 ; yellow-orange, 5 ; 
yellow, 6 5 ; green, 8 ; green-blue, 9 ; violet, 11 ; red-violet, 12. 
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Density, Specific Volume, and Expansion of Water 
(Chapptiis) 


1-00013 

0-999868 

1'00007 

0-999927 

1-00003 

0-999968 

i-oooof 

0-999992 

1-00000 

1-000000 

l-OOOOI 

0-999992 

J -00003 

0-999968 

1-00007 

0-999933 

1-00012 

0-999876 

1-00019 

0-999809 

1-00027 

0-999723 

1-00037 

0 999C33 

1-00048 

0-999525 

1-00060 

0-999404 

1-00073 

0-999271 

1-00087 

0-999127 
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Calibration of Volumetric Apparatus 

If a litre flask has been graduated correctly at 20° C., this table shovrs 
in grammes how much less than 1,000 grm. is the weight of the counterpoise 
required to balance that quantity of water which will exactly fill the 
flask to the mark at different temperatures. IVhen carrjnng out the 
calculations, the following assumptions were made : 

Counterpoising weights of brass, of density 8-5. 

Coeflicient of cubical expansion of glass = 0-000027 per degree C. 

Air temperature the same ns tliat of the ^vater, and the air half-saturated 
with water vapour. 

Barometric pressure = 700 mm. 


jl’cl 00 j Ti j 02 j 03 j 04 j 05 j o'fl j 0 ^ j 08 j" 09 1 



Further small corrections for pressure and air temperature can be made 
as follows : — 

For pressure. To the appropriate figure in the Table add 
0 0014 X (barometer rending — 7G0) grm. 

For temperature. Add 

0-001 X (20 — air temperature in *C.) grm 


Example. 

Temperature of water in wssel “ 17-1° C. 
Barometer “ 750 mm. 

Air tompemture =■ C* 
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Tiien weight of countejpoise required to balance the 5vater which wilJ 
exactly fill a correctly-calibrated litre flask to the mark is : 

1000 - [2*41 4* 0 0014 (750 - 760) -f 0-004 (20 - 13)] grm. 

= 1000 - (2-41 ~ 0-014 -f 0-028) » 907-58 ^grra. 


Permissible Times of Outflow for Pipettes and Burettes 

(National Phy’sical laboratory. Claw A) 

Normai. Pipjettes 


Capacity, ml 

« i 

10 

i 50 

1 

1 100 

250 

^nme of outflow, eeca. 

10-20 j 

15-25 

i 25-40 

1 

f 30-50 

1 

5^75 


Pipettes Giuduated along THEtR Whole Length 


Graduated Jes^h, cm. , . , 

16 

20 

25 

1 so 1 

35 

Time of outflow, secs. 

80-60 

1 36-70 

j 40-80 

! 60-100 

i j 

60-120 


BtfRETTES 



IS 

SO 


SO 

,15 

40 

45 

M 


«0 

95 

70 

Ttme ef ootfloR-, aecs. . 


40 

50 

60 

70 

SO 

VO 

100 

110 

120 










to 


to 





7» 

90 

105 

120 

135 

150 

195 

190 





A’o/r 1. For volutnes or lengths not tabulated, the permitted tiroes are those 
specified for the next largest size. 

Note 2. For pipettes, the 15 seconds drainiog-lifne is ahoired in addition to iitt 
times given aha\*e. 
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AMOHOI, TABLE I 

Percentage of Absolute Alcohol, C-HsOH, by 'Weight and by 
Volume, corresponding with the Specific Gravity taken at 60® F. 
(orX*6°C.). Water «!.' 

. (Thorpe) 
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ALCOHOL TABLE U 

Percentage of Proof Spirit by Volume in Dilute Alcohol of known 
Specific Gravity at 60® F. or 15*6® C. Water = 1. 
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SULPHURIC ACID 


Percentage by Weight of H ^04 present in Aqueous Solution of 
known Specific Gravity at 15® C./4® C. (in vacuo) 

(Lunge and Isier) 
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HYDROCHLORIC ACID 

Percentage of Weight of HCl present in Aqueous Solution of known 
Specific Gravity at 15° C./4° C. 
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NITRIC ACID 


Percentage by Weight of HNO 3 present in Aqueous Soloution of 
known Specific Gravity at 15® C./4® C. 

(Lunge and Key) 


Bpeelflo 

OriTJty. 

Percent&go 
of UNOj 

Speciflo 

OraTlty. 

rereenUge 
of ONO,. 

fipeelfle 

OrATity. 

Percentage 
of HNOt- 

i-ooo 

010 

1*176 

28 63 

1*350 

65-79 

l-OOS 

1*00 

1*180 

29*38 

1*355 

66 66 

1*010 

1*90 

1*185 

30-13 

1*360 

67-57 

1*016 

2-80 

1*190 

30-88 

1*365 

68 48 

1*020 

3*70 

1*105 

31 62 

1-370 

59-39 

1*025 

4*60 

1-200 

32*36 

1-376 

60 30 

1*030 

6-60 

1-205 

3309 

1*380 

61-27 

1*035 

6-38 

1-210 

33-82 

1*385 

62 24 

1*040 

7-26 

1-216 

34-55 

1-390 

63-23 

{-046 

8-13 

1*220 

36 2$ 

1-396 

64-25 

1-060 

8-09 

1*226 

36-03 

1-400 

66*30 

1-055 

9-84 

1*230 

36-78 

1-405 

66-40 

1*060 

10 68 

1*235 

37-63 

1*410 

67-60 

1*065 

11*61 

1*240 

38-29 

1*416 

68-63 

1-070 

12*33 

1-245 

3905 

1*420 * 

69-80 

1-076 

13-16 

1-250 

39-82 

1*425 

70-98 

1-080 

13-95 

1-255 

40-68 

1*430 

72-17 

1-085 

14-74 

1-260 

41*34 

1*435 

73-39 

1*090 

16*53 

1*265 

42*10 

1*440 

74 -CS 

1*096 

16*32 

1-270 

42-87 

1*445 

75-08 

1*100 

17*11 

1-275 

43*64 

1*460 

77 28 

1-105 

17*89 

1-280 

44*41 

1-455 

78-60 

1*110 

18*67 

1*285 

46-18 

1*460 

79 98 

1*116 

19-46 

1*290 

4595 

1-465 

81-42 

1*120 

20-23 

1-295 

46-72 

1*470 

82-90 

1*126 

21-00 

1-300 

47-49 

1*476 

64-45 

1*130 

21-77 

1-305 

48-26 

1*480 

86-05 

1*135 

22-54 

1-310 

4907. 

1 485 

87-70 

1*140 

23-31 

1-316 

4989 

1-490 

89 60 

1*146 

24-08 

1-320 

60 71 

1-495 

91 60 

1*160 . 

24-84 

1-325 

61*53 

1-600 

94 09 

I -16 S 

25 60 

1-330 

62-37 

1*605 

96 39 

1-160 

26 36 

1-335 

63 22 

1*610 

93-10 

1*165 

27*12 

1-340 

64 07 

1*515 

99 07 

1*170 

27 88 

1-345 

64-93 

1-520 

99-67 
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SODIUM HYDROXIDE AND AMMONIA 

Percentage by Weight of NaOH and NHs in Aqueous Solutions of 
known Specific Gravity at 15° C./4° C. 


(Bousfield and Lowry) 


{Lunge and Wiernik) 


I’wcenUgoof Specific GtwJty. PercenUgeof Specific Gravity. 
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POTASSIUM HYDROXIDE 


Percentage by Weight of KOH in Aqueous Solutions of known 
Specific Gravity at 15° C./4° C, 

(Pickering) 










TABLES FOR REFERENCE 









OILS, FATS AND WAXES 


509 


FATS AND WAXES (LEWKOWITSCH) 


UiL8 AND Fats. j 

Mixed FAmr Acidb. • 

1 

j 


1 




• 



C 8 

OH 

a 

< 


ii 

s 

Speclttc gnrltf. 

it 

2 1 
£ 

Iodine raltts. 











c*. 


Mini- 
grama ol 
Kon. 

Per 

Cent, 

C*. 


C*. 

Mill!, 
grama of 
EOH 

Mixed 

Adds 

Liquid 

Adda. 

110-26 

3 98 

to 

0 42-1-1 

166 

09233 

17-21 

197 

179- 

190-201 









209 8 


07 

“ 

- 

1-08 

_ 

— 

18-19 

- 

141 

- 

103 

- 

- 

_ 

- 

- 

16-18 

- 

160 

167 

8S 

- 

0-7-11-0 

0-43 

100 

08886 

206 

199 

139 

150 

75-00 

7-6-18 

0-0 

0-73-1 64 

16 6 

0 9206 
0-9219 

35-38 

202-208 

111-116 

147-161 

05 



— 

18 

0-9162 

29-36 

191 

X08 

— 

M-6 

- 

0*23-66 

0 06-1 32| 

— 

— 

26-32 

200-4 

no 46 

129-136 

65-64 

14-7 

1-4-13-2 

0-58-1-0 

100 

08768 

16-19 

185-0 

99-103 

121-125 

- 

10^2 

- 

0-66 

- 

- 

- 

201 

111-6 


46-47 

147- 

0-14- 


166 

09609 

IS 

1921 

87-93 

106 9 


160 

14-6 








62 6 

- 

1-6 

- 

- 

- 

13-14 

204 

93-96-6 

101-7 

45-61 

- 

10 

0 54-0 94 

100 

08700 

27-7-32 

201-6 

96-103 

106-128 

41 6-4v 

10 64 

1 0-60 

0 40-1-0 

100 

08749 

24-27 

193 

86-90 

06-6- 










103-6 

102-113 

4-8 

1-25 

0 64-7-83 

- 

- 

21-25 

204-207 

130 6- 
170 

- 

92 

16-6 

1-9-40 

0 38-1-4 

— 

— 

22-33 

193 2 

— 

- 

92 

- 

0 6-37 

0 92-3-72 

too 

08922 

27-0 


131-2 

144-7 
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CHARACTERISTICS OF OILS, 



Palm oil . 

Cacao butter (cocoa 


Palm-bemol oil 
Cocoauut oil . 


Japan wax 

Animal Fats. 
Lard 

Bone . • 

Beef tallow 
Uutton tallow 
Batter . . 














OILS, FATS AND WAXES r>\\ 

FATS AND WAXES (confinwfrf) 
















HYDROMETER SCALES 

The most important technical scales arc the Btiuine niul the Tnadclell. To 
convert the readings to spotific gravities use the fomuihc : 


Uaiim6 at 15® C. 


Tvvaddellnt fiO® rMOt la O’C. S.(». 


1000 + 5R 
1000 


‘ n ” is the reading of the hydrometer. 

The hydrometers read correctly onlj at the temperatures stated. At other 
temperatures, small corrections must !)e applied. 


THERMOMETRIC SCALES 

Tlicre are three thermometric scales now in use. Of these the Centigrade is 
p' far the most important, and everjthing possible should he done to encourage 
its Use for scientific purixjscs. 

CUEJI isit. 17 
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The scales are convertible as follow's* s 

a:® Fahrenheit s ^ 

.t“ Reaumur = C. 
where x is the Fahrenheit or Reaumur reading 


WEIGHTS AND MEASURES 

^'arious scales of weights and measures are set out below’. The metric scale h 
invanably used for scientific purposes. 

It is imj)ortant that the student lias a clear understanding of the various 
units. 

The primary unit of length is tlic metre. This is the distance between two 
lines, under standard conditions, engraved on a prototype preserved in the 
Bureau International des Poids et Slesures, Sfevres, France. The primary unit 
of weight is the kilogram, the mass of a prototj'pe preserved in the same place. 

Tlie approved primary unit of capacits’ is the litre, and is the volume occupied by 
1 kilogram of pure water at 4“ C. under a pressure of 760 mm. The millilitre 
(ml.), the ■thousandth part of a litre, is used as the secondary unit of capacity. 
One millilitre is verj’ nearly, but not absolutely, equal to 1 cubic centimetre (based 
on the standard metre), and careful measurements show tliat 
1 ml. » 1-00003S c.c. 

Similarly, 1 cubic .decimetre Is very slightly smaller than 1 litre. 

The Mohr or G.W.A. (grm. weight in air) unit of volume is still occasionally 
used. It is the volume occupied by a quantity of water at 17'5* C. having an 
apparent weight in air (brass weights) of 1 grm. 


UNITS OF LENGTH 

Sctcntific U.vits. ENCLisn Ukits. 

1 Angstrdmunit (A®)=1 Xl0“*cm. 1 inch ®®2 5400 cm. 

1 millimicron (p/x) =lxl0-^cm. 1 foot =12inches a=30-480cm. 

1 micron (p) »lXlO~*cnj. 1 j’anl = 3 feet =01’440cm. 

1 millimetre (mm.) aeixl0~*cm. Icliain =22 yards =20-lI7 metres. 

1 centimetre =lcm. lfurlong=10 chains =201*17 metres. 

1 decimetre =10cin, 1 mile = 8furlong3=lC00 SCmetres. 

1 metre =10*cm. . 

1 kilometre =10* cm. 


UNITS OF CAPACITY 

Excusn Units 

1 gill = 142 00 ml. 

1 pint =4 gills =508 24 ml. 

1 quart = 2 pints = 1*13640 litres. 

1 gallon = 4 quarts = 4*54500 litres. 

ApoTuccAnics’ Units 

1 minim . ’ = 0 05019 ml. 

1 fluid scruple = 20 minims = 1*1838 ml. 

1 fluid drachm (drm.) = 3 scruples = 3 5515 ml. 

1 fluid ounce (oz.) = 8 drachms = 28*412 ml. 

1 pint = 20 ounces = 568 21 ml. 

1 gallon of water at 16*7® C. weiglis 70,000 grains. 

1 fluid ounce of water at 10*7“ C. weighs 437*5 grains. 


— 32)“C. 

, respectively. 
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UNITS OF WEIGHT 


Avoirdupois Weioiits 


1 gram 

1 dram = 27-34 grains 
1 ounce = 16 drams 
1 pound = 10 ounces 
1 stone = 14 pounds 
1 hundredweight = 8 stones 
1 ton avoir. = 20 hundredw. 

1 short ton (U.S.A.) = 2000 poundt 
1 metric ton (tonne) 


= 6-t-709 mg. . 

= 1*772 grm. 

= 28-3j0 grm. 

= 453 592 grm. 

= G-3j 0 kg. 

= 50 802 kg. 

= 1016 05 kg. 

=. 0 0072 X 10’ grm 
= 1 X 10* grm. 


Apothecaries’ Wciciits 
1 grain = C4 799 mg. 

1 scruple = 20 grains = 1-296 grm. 

1 drachm = 3 scruples =» 3 888 grm. 

1 ounce = 8 drachms = 31*103 grm. 
1 pound = 12 ounces = 373 242 grm 


Troy Weights 


1 grain = 01 709 mg. 

1 pcnnj^veight{dwt,) «= 24grains => 1*535 grm. 

1 ounce = 20 penny%\'cights = 31*103 grm. 

1 pound =» 12 ounces =» 373 242 grm, 

1 metric carat '' =* 2 00 grm. 


Comparison ok Weights 


DATA FOR CONVERSION OF WEIGHTS AND MEASURES 

Cubic feet X G 234 = g.illons. 

Cubic inches X 0 003t0.> = gallons. 

Grammes x 15-432 == grains. 

Tints X 508 215 =« cubic centimetres. 

Gallons x 4-540 = litres. 

Litres x 0 22 = gallons. 

Centimetres x 0 3937 = inches. 

Inches x 2 51 = centimetres. 

Parts per 100,000 x 0 7 = gmias per galion. 


OTHER UNITS 

t'oTcc. The dyne, that force which when acting on a mass of 1 gnu. for 1 see., 
produees an acceleration of 1 cm per see. jtcr see. In the ft.-lh.-scc. sj-stem the 
unit is the poundal. 

(1 ])aiind weight = -4 43 X 10* djTies). 

(1 iwumlal = 13825 5 djmes). 
n’orA. The erg, a force of ] dj nr acting tliroiigli a dMnnee of 1 cm. 

(1 jmile = 10’ ergs). 



5J6 


TABLES FOB REFEBENGE 


Pcncer, Work jicr unit time, I erg per sec. 

(I vralt = 10’ ergs per see. «= 1 jouJe per sec.) 

Uiau The caiocie, the heat te<juirrf to raise 1 gnn. of w-ater through 1® C. 

' (J calorie «4*1B6 joules). 

The British Thermal Unit (B.Th.U.), the hisit required to raise 1 ]b. of crater 
through 1“ F. 

(1 B.Th.U. « 252 0 calorics ^ 1051-8 joules). 

Electrical. Joule, the trorfc expended per sec. by a current of 1 amp. Sowing 
in a resistance of 2 ohm. 

(1 Watt — 1 joule per sec.). 

/I Jdloiratt «s 1*34 horse.powerj. 

Coulomb, the qu.int»ty of electricity transferred in 1 sec. by a current of 
1 amp. 

{1 Faraday « 06,404 coulombs). 

The Faraday is Uiat quantity of clcctrieitj' which will depositvtbe equivalent 
neight (expressed in grammes) of a metal at the cathode, when a solution of a 
salt of the metal is clectroij’sed. 


USEFUL MEMORANDA 

IVcight of 1 ml. of dry hydrogen at 0® C. and 7G0 mm. a® 0 00008088 grro. 
IVeight of I ml. of dry nitrogen at 0*C. and 700 mm. » 0 0012507 grm. 
IVeSght of 2 ml. of dry air at 0* C. ood 760 mm. «= 0 D01203 grm. 

1 grm. of hydrogen at 0® C. and 7C0 mm. occupies 21*i20 litres. 

1 gnn. of air at 0® C. and 700 mm. occupies O-TTO litre. 

Specific gravity of h>‘drogen, air as unit =* O 0605. 

Specific gravity of air, hydrogen as unit » 24 30. 

IVeight of 1 c.e. of mercury at 0 ® C. ** 13*S951 grm. 

Weight of 1 ml. of mercucy at 0 ® C. »® 18 593J grm. 

Coefficient of expansion for gases w » 0 00SG63. 

1 litre ss 2000 028 c.c. 

Average percentage of oxygen in air, s-oluine =« 20 00. 

1 gallon of svater weighs 10 lb. avoirdupois. 

1 cubic foot of water woghs 02 3 Ib. avoirdupois. 

A 10 per cent, aqueous solution is approsimately 2 ounces avoirdupois in I pint. 
The capacity of a Winchester bottle is approximately 2 J litres. 

1 assay ton (avoir.) « 32-667 grm. 

1 assay ton (short) 20'1G7 grm. 

1 atmosphere «= J X 10 * dynes per sq. cm. 
ss 14*7 lb. per sq. inch. 

Tlie gas constant (R) «= 8-3T4 X 10’ ergs, per degree. 

« 0 082 iitre*airaasphetes per degree. 

=e l*OS04 calorics per degree. 

I’be gramme-molecular weight of any gas at N.T.P. contains C{)6t X lO-* 
molecules (the Avogadro nomber). 

The TTcight of on atom of unit atomic weight = l-lJi88 X 10’*' grm. 

The weight of an atom of hjxirogen = 2 -6617 x 20"' grm. 

Pianck’s constant (h) » 0-Jt7 x 10 '*’ erg. sec. 

BoUxiuann’s constant (k) “ 1-372 X 20’" erg. per 

degree. 

The velocity of light » 2 00706 X 10" cm. see. 

, = 2-7183. 

^ ^ 0-43 13 log, X 
log, X » 2-3026 logis X 
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List of Common Bench Reagents 


Keagent. 

Approxi- 

mate 

normality 

rmolarlty 

Approximate 
concentration 
Gun. per litre 

liemarks 

Acids 



Sp. gr. 1.84. 

Sulphuric (cone.) 

— 

10 per cent. 

Sulphuric (dil.) , 

4N. 

200 

Sp. gr. 1.14. Take 2G0 ml. of con- 
centrated acid and dilute to 2} litres 
(capacity of Winchester bottle). 

Hydrochloric (cone.) . 

ION. 

33 per cent. 

Sp.gr. I-IC.- 

Hydrochloric (dil.) 

4N. 

150 

Sp. gr. 1 07. 1100 ml. of concen- 
trated acid per ^Vinchester bottle. 

Nitric (cone.) 

UN. 

07 per cent. 

Sp- gr. 1*42. Constant boiling mix- 
ture. 

Nitric (dil.) 

4N. 

250 

Sp gr. 1*15. 800 ml. of concen- 
trated acid per Winchester bottle. 

Acetic (glncinl) - 

— 

100 percent. 

Sp. gr. 105. M.P. 10 7® C. 

Acetic (dil.) 

4N. 

240 

570 ml . of glacial acid per Winchester 
bottle. 

Sulphurous 

ON. 

120 

Saturated solution. 

Bases 



Sp. gr. 1*17. 400 grm. of white 

sticks per Winchester bottle. 

Sodium hydroxide 

4N. 

ICO 

Potassium h^'droxide . 

4N. 

224 

Sp. gr. 1 20. 

Ammonia (ebne.) 


33 per cent. 

Sp. gr. 0 88. 


4N. 

140 

Sp. gr. 0 05. 500 ml. of 0 88 am- 

(dil.) 


NH«Oir. 

monia per inchester bottle. 

Sodium carbonate 

2N. 

100 

700 grm. of NajCOj.lOHiO per 
Winchester bottle. 

Ammooium carbonate 

2N. 

— 

200 grm. of commercial carbonate 
•f 100 ml. of 0 88 ammonia per 
Winchester bottle. 

Barium hydroxide 

0 4N. 

S.! 

Saturated solution. 

Calcium hydroxide 

0 04N. 

1-T 

S.»lurated solution. 

Salts, etc 




Ammonium chloride . 

4M. 

214 


Ammonium molybdate 



_ 

See p. 70. 

Ammonium oxalate . 

0 25M. 

31 

85 grm. crystals of (NHj)jCjO^, 
HjO per litre. 

Ammonium phosphate 

0 33M. 

44 

Use (NHj)jHP 04. 

Ammonium sulphide . 



Saturate I vol. ofO 68 ammonia irith 
hydrogen sulphide. Then add 2 
vols. of ammonia and 5 vols. of 
svater. 


0 5M. 

104 

122 grm. of BaCl,,2H20 per litre. 


0 4M. 

32 

Saturated solution. 

Calcium sulphate 

0 0I5M. 

20 

Saturated solution. 

Ferric chlonde . ' . 

0 

54 

00 grm. of FeCljjGHjO 4- 10 ml. of 
concentrated HCI. per litre. 

Ferrous sulphate 

0 5M. 

76 

140 grm. of FeSOi.TIIjO -f- 100 ml. 
of dilute HjSO^ per litre. 

Lead acetate 

0 5M. 

1C2 

100 grm. of Pb(C2HsOj)„3IIjO per 
litre. 




— 

See p. 78, 


0 IM. 

27 


Nesslet’s solution 


— 

See pp. 24G and 351. 
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TAJSLES FOR REFERENCE 
List of Common Bench Reagents conUnued 



Approxi- 

mate 

DoimaUt; 

srmolarit) 

Approtloiate 
concentration 
Orm. per litre. 

Ucmarts, 

Potassium cliromatc . 

0'325flr. 



Potassium dicliromate 

0a251M. 

37 ' 


Potassium ferrocyanide 

0-33.M. 

02 

105 grm, of K4FeC,N’„3H,0 perlitre. 

Potassium permangan- 
ate. 

0-2.M. 

32 

Potassium tWocyanate 

0-5M. 

50 


Silver iiitrato 

OIM. 

17 


Sodium acetate . , 

2M. 

ICO 

— ./v-n'o 

SotMum phospliale 

0-17M. 

2t 


Stannous cidoridc 

• 

0'3M. 

05 

bottle. ‘ j 

Indicators 

— 


Sec pp. ns, 143, 101 and Iiide};. I 


List of Books for Reference 
For the Theory ol Analysis 
Engclder . . 

Famsssoftli . . . • 

FJshcr . . , . ' * • ‘ 

Koltholf and Stcnger , * ' 


Hicman and Keuss . 

Smitli .... 

QuanlHative Auali/sis. A Theoretical Approach. 
Amhjticat Processes. A Phusico-Chmical 
Interprelalion. 

For Geaersl Aoslysis 

Crookes .... 
Frescnitis 

Mcllan .... 
Mitchcli .... 

1 • 

Scott 

Treaduell and Hall . 

- • • / 

Analysis. 

For Volumetric Analysis 

Berry .... 
Kncclit and Ilibbert 

Koltboff and Fiirni.nn 

Stott .... 
Sutton-Mjteiipjl 

Volumetric .inalj/sis. 

AVw itedactioa ^lethocb in Volumetric Analysis 
(Uses ofTitanous Cliloridc.) 

JW«J7«<rie Analysis. A'ol. II. 

Volumetric Glas^'ore. 

A Systematic Handbook of Volumelric Analysts, 
12th Edition. 

For Special Sletbods of Analysis 
Britton .... 
Rrode . . . 

Clark .... 
KoUlioff and Furman 

Conductometric Analysis. 

CAemicoI Spectroscopy. 

Determination of Hydrogen Ions. 
l^eHtlometrtc Titrotians. 
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For Special Methods oi Analysis — 


KoUhofT and Lingaiic 
KoHlioff and nosenbliim . 
i’Klilcr .... 

Radley and Grant . 

Rotfi-Daw 

Sand .... 

Smith .... 
Snell ... 

Yoc .... 


Acid'hase Indieatur^, 

Introduction to the Mtcro-Tcchiiuinc of Iiior'iniiic 
.Inalifus, 

Flnnrnecnre Annhj^i^ in VUra-Viokt I.isfil, 
•trd ISditioa. 

Pregfs Qiiatitilalire Orcanie Microanalyt!^. 

Lleetroehemistry and JHcetrochcniical 
n VoH. 

^tftnUurgieal Anaiy^is by the Spectrograph. 

Cohrinietrie Jlelhodi of Annlytis. ‘J ^’ol',. 

Photometric Chemical .inalyar. V«I. II., 
Xephclometry. 


For Analysis o! Minerals, Rocks 

Rermecr . 

IJillohra/id and LtindcII 
I.OW .... 

Mellorand Tliomp'ion 


Schoellerand l*o«cU 


and Ores 

A Tett‘bnafi of .t^^ai/i$ig. 

Apjdtfd Jnorgtmie Aiuilystt. 

Techmcal Melht)d-< of Ore ^innlyii^. 

.t Treatise on Qii(tuti(ntii.c Inorgitme .tinilyiii 
tcith Speeiiil Urference to the .Innh/tit of 
Claifi, Silirntes and Ilelalcd Maferial^, 

The Anniyih of Mitiertib! and Om of the llarer 
KlemenH. 


^ For Analysis o! Metals and Alloys 


Ihbotson 

Ibliotisonnnd Altclihon 
N’ahli nnd Clcnncll . 
Pigatt . 

Pile and Jolmiton . 
Smith 


The Chemical Annhpnn of SterlAVorh^ Matrrudt, 
, tnrtb/tiv of Son-Ferrous Alloys. 

Select Methods of Metnlliirsieal Anah/sh. 
Cher/tieal Analyth of Ferrous Alloys and 
Foundry Materials. 

Tested .1/r/Wt of Melalltirgienl Analysis (Son- 
Ferrous). 

The Sampling and Assay of the Precious 
Metals. 


For Gas Analysis 
Siittnii-Mitebell 

Ileinjicl . . . 

Denni'. ami NichoN . 
Haldane . 

lamgc-AniMcr. 


.1 llnndhooh of I’ohfwirfn'f .Itialysis, 

12tli Ildilioii. 

Methods of <i4is .IwdyviT. 

(ias Analysis, 

Melhoils of Air Antdipis. 

Technical Gas Analysis. 


For Applied Chemical Analysis (Chiefly Organic) 

Allen .... Allen’s Commercud Org'inic .tnalysis. 8th 
I'lflition. 

Crint .... Jjthoralon/ HuudbonK of Pnt]i and Paper 
^faniifaelure. 

llimns .... J-Vrl Testing: f-nljortilory Methods in Piiel 
Teehnologi/, 

Uiternutionnl Sot-lety ul 

I/’ntherTnules' Cheini<it> {)fjie{nl Mrlhmts of .Innlysis. 

I.loNd Ilind . . . Ilrncing Science and Ikaetiee. 

Ke.ine-Tlionie. . , Lunge and Keane's Technical Methods of 

Chemical .inalifsis. 


Thf)q>e . . . . • 

Thresh, Realc and Suckling .’ 

Cox . . . . / ■ 

Holton . . . . ^ • 
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For Applied Chemical Analysis Chiefly Organic— 

t-CH-JcoHitsclJ . . . Chemical Technology ami Annl!j\is of Oi\i, Fats 

finrf If'arcs. 

Fryer ajitMVeston . . Technical Handbook of Oils, Fats and IVaxes. 

Coleman and Arnall. . PreparationandAnalysisofOrganicCompoiinds 

Findlay . • < • Practical Phi/sical Chemistry. 

Murray . • . ■ . A’to»dnrrf Tests for Ileagenls and “ C.F." 

Chemicals. 

Jlitclicll . . • . Jtecenl Advances in' Analytical Chemistry 

iOrganic). Vtil. I. 

Insfitute of IVlroIctiiri Slandard Methods for Testing Petroleum and Us 

Tcchnologhls . . Products. 

Fuel Research Board . Methods of An/dysis of Coal and Coke. 


Reference Tables 

Grant . 

I^»yc anti Lahy 
Seidell . 

Atack . 


sftinces. 

, The Chemists' Year Hook. 


: d Ediliou. 
Organic Sub- 
















Chemica! Factots — continued 


A. 

B. 

'Washed u, «t 
Equtnleat to. 

PonsulA Wt. of A 

Wefght of A 

LogC 


Formoi* Wt. of B 

Lyioocrm 




otS. 



Ms,A8,o, 

229 82 
310-46 

74-03 

1-8694 


^ MgjAsjO, 

138-91 X 2 
310-46 

89-49 

1-9518 

B 

B,0, 

10 82 X 2 
69-64 

31-07 

1-4924 


NajB^O,, lOHjO 

10-82 X 4 
381-43 

11-33 

1-0542 


NaOH 

40 00 

27-05 

1-4322 

BjOj / . 

NaOH 

69 64 

40 00 X 2 

87-05 

1-9397 

Ba 

BftCJ,, 2H,0 

244-30 

56-23 

1-7499 


BaSO« , 

137-36 

233-42 

58 85 

1-7597 


HCI 

137-36 

36 46 X 2 

188-4 

2-8750 


I 

137 36 

36 08 

1-5572 


126 92 X 3 


K,Cr,0, 

137-36 X 2 
294-21 

93-38 

1-9703 

BaO . 

BaSO« 

233-42 

65-70 

18176 

B( 

Bi,0, 


89-65 

1-9526 


BiPO, 


68-76 

1-8373 


KMnO, 


220-4 

2-3433 

Br 

AgBr 


42-56 

1-6290 


AgKO, 


47 04 

17)725 


NoBr 


77-65 

1-8902 


NajSjOf 

79 92 
158-1 

50-54 

1-7037 


IVa,S,0,.5a,0 ■ 


32-12 

i-50G8 

C 

CO, 

Ki9 

27-29 

1-4360 


CifllT, 

12-01 X 10 
128-16 

83-71 

1-0718 

CO, . 

]3b(OH!, 

44 01 
171-38 

25-68 

1-4096 
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Chemical Factors — continued 





C. 



B. 


Weight of A 

Log C. 

Sought. 

Weighed as, or 
Equivalent to 

^ormalA Wt. of B 

represented 
by 100 gtm. 




of B. 


HCl 

AgCl 

86 4G 

148-34 

25-44 

1-4033 


AgNO, 

166-80 

21-40 

1-3317 



36 46 X 2 


1 8025 



l«0-09 




Na 

86 4G 

23 00 

258 6 

2 2004 


NajCO, 

30-40 X 2 


1 8370 


106 00 




. NaCl 

SC-46 

58 45 

62-38 

1-7931 


NaOH 


01-15 

1-9598 



40-01) 




Na,S,0„ 5H,0 

34 46 X 2 

27-76 

14434 


248-2 



HNO, . 

Na 


274 0 

2 4378 


Na,CO, 

23 00 

63 02 X 2 

ns-D 

2 0752 






NaOH 

40 00 

157 5 

2-1974 

HjS 

As, Os 

34 08 X S 

51-68 

1-7183 

107-82 





34 08 

13-42 

M277 



126 02 X 2 

H,SO, . 

BaSO, 

233-42 

42 02 

1-G234 



98-08 

213 2 

2 3289 



23 00 X 2 




Na,CO, 


92-52 

1-9C63 


106 00 



' 

NaOH 


122 6 

2-0885 



40 00 X 2 



Hg . , 



186 0 

2 2694 

AgNO, 

200 01 

{or 92 98) 
118-1 

2 0722 



(or 59 04^ 



Hg,a, 

472 13 

84-08 

1-9293 


HgCl, 

200 Cl 

271-52 

73 88 

1-8G8C 


HgfCNS), 

816 77 

63 33 

1-8016 


HgS 

200 G1 

232 67 

86 22 

1-9356 


I 

200 61 

126 02 

158-1 

2-1990 
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Chemical Factors — continued 


KjO 




MgO 

•Mn 


MnO, 


Mo 


KCIO* 

K,SO. 

KjPtCI, 

Pt 


.Mff(C,H,OX)„ 2H,0 




M{r{C.H,ON*)„ 2HjO 


Mg , r , o , 


A « jO } 

Fe 

FeSO,.(Mr,‘,SO,. 611,0 
KJInO* 
Mn,P,0, 


2H,0 


I 

KJloO* 

MoO, 

> a , S , 0 , 


Na,S,0„ 511,0 
KXO, 

>*aKO, 

CO(XII,), 

HCI 


i Formnla ’Wt. of A. ! 
ionirnlt“XVi.of U.! 


04-19 

135 33 X 2 

94-10 
174-23 
94 19 
4 Sfi *17 
04-10 
105-23 
24-32 
348 t >4 
24-32 X 2 
222 (JO 
40-32 
348-(>4 
40 32 X 2 
222 

54 - 93 X 4 

107-82 X 5 
& 4-03 

55 - 84 X 3 
34 03 

802-13 X 5 
54-93 
158-03 
54 -D 3 X 2 
283-82 
86 03 
12 (> 07 
36 93 

120-02 X 2 

8 G 93 X .» 
1 S 8 -(J 3 X 2 
P 5 -P 5 
143 03 
86-03 
158-1 X 2 

86-03 
248-2 X 2 

14 -OOS 
lOI-lO 
14-008 
53 30 

14 -ooa 

60 01 

14-008 X 2 
00-00 
14-008 
30-40 


erf A 
reprweotrf 
bj - 100 gra. | 
of B. 

Lo«a 

33 90 1 

1-5314 

54-06 

1-7329 

19-37 j 

1-2872 

48 26 1 

1-6SS3 

6*976 

0S43G 

21-64 

1 

1-3393 

11-56 j 

1-0631 

06-21 1 

1-5588 1 

22-16 

1-0436 

i9-cr 1 

1-2939 

2 802 

0-4474 

34-76 

1-541 1 

38-67 

l-5Sr4 

68-93 

1-S3SC 

34-23 

1*5346 

137-3 

2 1384 

66-62 

l-823<’ 

27-49 

1-4392 

17-31 

1-2433 

13-86 

^•1417, 

26-18 

' 1-7460 

20 30 

1 1-3075 

46 63 

' 1-C6S« 

38-41 

1-5845 























Chemical Factors— condnaed 









Qicnifcal Facloft — 


4 

r 

»• rr 


i-.*5 . r* 
t' 1 

j 

I 

1 

CO, 



1’ I 




U' I'T"* i 

-• ■•; 


N»n . 


li 


: 1 • 


Afi\ 



3 I '^1-1 




M It 

t '.•><, 

NiNO, 

KM..O, 

1 


l-I 

ii y- 

:;:;:i 



r*r'r 

r.rt 

JIO-Ol 


II1,'<I 



i 1 III ' ! 


1 

I 

i‘.<. ‘■; 

i;i c 

1 • 

1 , 




3:; 1 

i: •• *’ I 


CIO, 

”ri n*"'"’ 

in } 

1 *<!': ) 


I'.V.nO, 


:..o 

^ . 


ru.o ; 

Jz* ^ f 

;4»*; ) 

MTt 

j ‘ i; j 



r^r 


1 ' 

N, . . 

N.o , 

Tl ’ * 

:• •» 

' 1 • 


N,«',M„V,o« 1 

■if;' 

,* ' 

* * ' ’ ! 




IZZ' 

1 :!•* 


fH,<» ! 


li*' 

t It.*’ ' 


Ar 

r . »'■ ’ ; 


I iU' j 



5* * / 

1 , 



Ar'*»», 

^ . r 




M •-• \ 

i- u*» • 


t tt:* : 




• * •' 

1 :*tt 
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Chemical Factors— continued 


{im4),PO*.J2MoO, 


(KH4>,P0*, 12MoO, 


{NH4),PO«.12MoOi 

P,0,.24MoO, 
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Chemical Factors — eantimed 





C. 


A. 

XYelgheil u, or 
Equivftle&tto. 

Formula Wt. of A. of A 

UigC. 

Sought. 

Formula Wt. cl is. 







SO, . 

H,SO, 

8000 

08*08 

81-63 

1-0118 


NaOH 

80-06 

40 00 X 2 

lOO-l 

2-0003 

so, . 

BflSO, 

233-42 

4M5 

1-6144 


CuSO,. 6H,0 

' 249-7 

38*47 

l-SSSl 


HjSO, 

00-06 

08 OS 

07-94 

1-9910 


NaOH 

DO 06 

40 00 X 2 

120-1 

2 0794 

s,o. . . 

DaSO, ■ 

11M2 
233'42 X 2 

‘ 24-02 

1.3605 


X 

112-lS 

126-02 

88*34 

1-0462 

Sb 


121-76 
126-02 X 2 

47-07 

1-6800 


KBtO, 

121*78 X 3 
167-01 

218-8 

2-3400 


lainO, 

121-76 X 6 
158-03 X 2 

102 Q 

2-2847 


fra,S|0, 

121-76 

168-1 X 2 

38-51 

1-6856 


Na,S,0,. 5H,0 

121-76 
248-2 X 2 

24-53 

1-3807 


SbiO, 

121*70 X 2 
307-62 

78-08 

1-8975 


Sb,S, 

121-76 X 2 
339-70 

71-42 

1-8638 


K(8b0}C,H,0, 

121-76 

32i-03 

37-47 

1-5737 

Si 

SiO, 

28 06 

60 06 

46-93 

1-6716 

BiO, . 

o' 

ta 

78-08 

60-06 

126-5 

2-1022 

Sn 

SnO| 

11870 

180*70 

78-81 

1-8986 


I 

118-7 

126-02 X 2 

46-76 

1-6609 


KBfO, 

U8-7 X S 
167-01 

213-2 

2-3288 


KIO, 

116-7 X 3 
214-02 

166-4 

2-2212 


Na|6,0, 

118-7 

X 2 

37-54 : 
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Awuiuicvry, 

Adams’ method for determining milk 
fat, 378 

Adsorption indicators, 101 
Air, determination of carbon dioxide in, 
4S4 

determination of oxygen in, 471 
spccifie gravity and other data, 
31G 

Air-bath. 36.4(3 
Air-drying, 256, 3I7, 327 
Air-oven, 28 

Albuminoid ammonia, in water, 353, 

372 

Alcohol, in l>eei and ''Ine, 

Alb ■ ■ • ■ * 

Alk..^ III limestone and 

silicates, detemunation of, 271, 
377 

in soap, 420 

separation from otlier metals, 79, 
ep, 271 , 278 
Albalimetry, lia-138 
Alumina, crucibles, 48 
Aluminium, analj-sis of alloys, and 
results, 295, 401 
commercial, analj->is of, 295 
determination of/ os oxide (g), 0-1 
^ ns phospliate (g), 05 

by hj'droxyquinoline (g), 65 
by liydroxj’qiiinolinc (o), 171 
colonmctricallj', 241 
in presence ol iron, 270 
in steel, 312 
ill water, 242 

iron in, electrometrically, 216 
iiephclomctricolly, 250 
^epamtion, general, 270, 294, 295, 
300 

from iron, 65, 270, 300 
from titanium, 291 
other examples, 310 

Aluminou, 241 ' 

Altmdam, crucible, 44 ' 

Amalgam, zinc, preparation of, 148 j 


Ambler’s apparatus for gas analysis. 


direct gravimetric determination 
of, 82 

volumetric determination of, 
183 

determination of, as 

chloroplatinate (g), 82 
as platinum (g), 84 
by absorption, 480 

. d 

lesuits, 359, 372 

separation from metals by 

distillation, 82 
specific gravity table, 500 
Ammonium atirinc tricnrboxylalc, 2(1 
molybdate, preparation of 
reagent, 79 

salts, determination of, by 

nitrometer, 480 . ^ 

ctiinn-*- j.A. • f free 

197 


Aiiuiyucal reagents, 517 
Angstrom unit, 514 
Auti-logatitbm tables, 554 
Antimony, determination of, as 

sulphide and oxide (g), 93, 
00 

by iodine (o), 108 
by potassium bromatc(i>),182 
by potassium iodate (u), 181 
b^' potassium 

permanganate (v), 283, 200 
colorimetrically, 2H 
in white metals, 200 
precipitation of, in hydrogen 
sulphide group, 283 


pcntasulpbidc, conversion to 
trisulphide, 95 
Aperiodic balance, 3 
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Crum’s method for dcterniini/ig nitrate 
nnd nitrite. 858 

r , - .• 


Caplerron, iwe of, 303, 317 

Cupro^nickel nlio^’s, nnal^^is of, and 
resuUs, 289, 401 

Cupron reagent for molybdenum {g}. 
313 

Cuprous chloride solution, for gas 
analj^is, 469 

Cyanide, determination of, ns silver 
cyanide or as silver (g), 73 
by silver nitrate (o), 195 

Cyanogen, determination of, as silver 
cyanide (§), 73 


Density bottle, 14, 17 
Density, rclati\'c. See Specific gravity. 
Desiccants, SO 
Desiccation, 25-31 
Desiccator, vacuum, 31 
Devarda’s alloy, 84, 133 
Dichromate, determination of, by 
iodine (u), 105 

preparation of standard solution 
of. 140 

DieUiylditbiocarhanate reagent for 
copper, 230 

DModo«eosui, ns adsorption 
indicator, 192 

DbiodoSuorescein, as adsorption 
indicator, 192 
Dimethylglyozime reagent, 

determination of 
nickel 

colovimetrically,- 

241 

gravimetrically, 62 
Diphenylamine, ns oxidation'rcduction 
indicator, 145 

Diphenyffieozidine, as an ind/cator, ZOO 
Dissolved gases in water, determination 
of, 369, 480 • 


Dolomite, analysis of, and results, 268, 
491 

Double salts, preparation of, 53, 55 
Drop-ratio method for P„ 
determinations, 208 
Dry assay, 340-317 
Drying, 25-31 
agents, SO 

T% .t , . — - 


vapour density process, 457 

Eggertz’a method for dt-tcmiiiiatioR of 
Carlton m steel, 847, t',‘7 
Electrical units, 51 r. 


Electrode, calomel, 211 
hydrogen, 209 
potentials of metals, 223 
Sand’s rotating, 227 
stationary, 226 

Eleclrodeposition analysis, 223-233 
micro-methods, 230 
Electrolytic determinations, 205-233, 

Electrometric titrations, 205-220 
Entry, example of. in note-boob, 62, 
328 

Enzymes, determination of 
nephelometrically, 251 
EosuJ, ns adsorption indicator, 192 
Equivalent weight of organic acid, 
determination of, 446 
of organic base, determination of, 
447 

Equivalents, 115 

Errors in gravimetric analysis, 59 
in volumetric analysis, 125 
of meniscus, 4&1 
statistical evaluation of, 46T 
Eschka mixture, 310 


precautions during, 85 
Expansion of water, table, 490 


Factor quantity, 893 
Factors for gravimetric and 
volumetric analysis, table of, 521 
Fahrenheit scale, conversion of, 514 
Fat in butter, determination of, 383 
in milk, calculation of, 379 

determination of, and results, 
375-379 

Fats, oils and waxes, examination of, 
401-420 

table of cliaraeteristics, 
508-513 

Faltyacids, determination of, S84, 413, 
410, 422 

Fchiing’s solution, preparation of, 394 
Felspar, analysis of, and results, 276, 
401, 404 

Ferric salts, determination of. 


Ferrous ammonium sulphate, 
preparation of, 50 
oxalate, determination of, 158 
phennnlhrolinc, 144, 145 
Ferro-vanadium, nnalj-sis of, by 
electromclnc method, 2IH 
Fertilisers, evaluation of, and results, 
326-332, 493, 491 
Rlter for carbon in steel, 800 
Filter-crucibles, 42-45 
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Hydrogen peroxide, tlclerinination of, 
by cenc svdpbatc, 102 
l>y iodine, 170 
by nitrometer, 4S2 

by 

pennanpanulo, 15t> 

Hydrogen sulphide, dctcnninntion of, 
by iodine, 108 

oxidation of, hy liydcogcn 
peroxide, 70 
Hydrometer, 18 
scales, 518 

HydroxyQumobne, brommatjon of, 171 
Hypochlorites, determination of, by 
arsenious oxide metliod, 
181 

by ferrous salt nietbod, 132, 
1.14 


Iceland spar, use of, In standaKlIsiop 
bydrocbloiie acid, 127 

Ignition of prccipitntcs, 40-S3 

Indicators, nrid-ivVkuU, 118, 2Q(\, 237 
ntUorplion, lOl 
for P,„ list of, -103 
oNidation'Tcduction, 143-14.1 
unlvcrsftl, 405 

Inretaion of cane sugar, 894, 800, 009 

Xodato, determination of, 
lodometricnlly, 17C 
in presence of periodates, 177 
preparation and use of htandard 
solution, ISO 

Iodides, determination of, as silver 
iodide (g), 72 

by eicctromctn'c inetliod, 220 
by potassium iodatc (t>>, ISO 
by Blivet nitrate (v), 104 
by tliiocynnate (v), JOS 
in presence of bromides and 
chlorides, 193, 220 
, of chlorides, 72 

of iodine, 180 

lodide-iodate, standard solution of. ISO 
use of for standardisation, 129, 
140, 180 

lodidC'Starch solution, preparation of, 
243 


Iodine, detemiination of, as silver 
iodide (g), 74 

by potassium Iodatc (o), 180 
by fcodnim arsenile (p), I0l3» 
184 

by thiosulphate (u), 103 
ill organic compounds, 
«l-445 

la presence of iodides, 181 
piirificntion of, by sublimation, S7 
standard solution, preparation and 
use of. 102 

value of fats and oils, 412, 
508-513 

Iron, determination of, ns feme 
oxide (g), fi-i 
l»y eenc Rulpliaft If, 2 


[ Iran, determination by permanganate 
I (10.155,157 

j in presence of 

i ‘ bydroddoric acid (o), . 

I 157 

I by potnssiuin dichromale (o), 

! 145, 149 

by titanous chloride (c). 1R7 
I colorimetricaUy by (etto- 

cyanide, 237 
by tliiocyanatc, 238 
' elcctrometrically, 214, 210 

iodometrically (v), 170 
in aluminium, determination of, 

. elcctrometrically, 210 
in glass, determination of, 
colorimctrically, 237 
in ores. See Iron ores, 
in presence of aluminium, 270 
in water, determination of, 888, 
374 

coloninetrically. 237 
in zinc, determination of, 
colorimctTically, 237 
oxidation of, to ferrie state, 1B7, 
270 

precipitation of. by cupferron, 29i, 
311) * 

preparation of ferrous solution, 

no 

reduction by stannous oliloride, 

no 

by sulphurous ocid, 140 
by zinc, l iT 
by zinc amalgam, 148 
scjvarotion from all metals except 
molyb<lcnum, 812 
from aluminium, 291 
Crom calcium and 
magnesium, 270 
from mangnucse, nickel, 
cobalt and zinc, 300 
from titanium, 293 
separations, other examples, 313 
Iron ores, analj’sis of, and results, 149, 
157, IBT, 299, 491, 492 
titaniicrous, analysis of, 187, 
802 

evaluation of chrome ore, 238 
Iron and steel, imalj'sN of, and results, 
»03-ai7, 400 

Jacket, hot water, 54 

Jon&i crucible, 4t 

Jones rediiclor, 147, 148, 189 

Kirschner value of a fut, 887 
KJcldabl's determinolion of nitrogen, 
433 

mlcro-mcthnd, 430 

Koettstoriec v'nluc for fats and oils, 409, 
5f>a-.513 

lAoe and Eynon’a method for 
determination of sugars, 303 
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liawrence Smith’s method for 
determination of alkalis, 271 
Lead, action of, on water, 243, 307 / 
assay of silver in, 3 12 
deterrtimation of, os cIirtHnate (g), 
74 

as clironiatc (o), 164, 172 
us sulphate (e), 71 
by nnimoniiim molshdate (o), 
201 

by drj' assay, 3 U 
by elcctrol>‘sis, as peroxide, 
233 

by potassium f)ermHfi^innte 
(v), 150 

. colorimctricnlJy, 212 
in brass, determination of, 280 
in galena, determination of, and 
results, 282 
by dr^’ assay, 311 
in glass, determination of, 278 
in lend carbonate, determination 
of, by dr^* assay, ai2 
in ore, determination of, by 
nmmoninin molybdate, 001 
In oxides, deicnnlnation of, by dry 
assay, 3(2 

In water, determination and effect 
on, 213, 887, 374 

in Mhite metals, determination of, 
and results, 291, 401 
separation, general, 280 

from antimony and tm, 20! 
from copper, 202 
from silica, 280 
from sulphur, 281 
dlthironc mcthoil, 243 
Lead dioxide, evaluation of by 

iKrmanganatc (u), 150 
iodometriciilly (rl, 170 
Leeds’ method of soap analj'sis, 422 
LiaS'lime, analj-sis of, and results, 274, 
40f 

Lietenaann-Storch reaction, 418 
Lime, nnalj-sis of, and results, 268, 274, 
332, 404 

determination of free lime, 273 
Limestone, analj-sis of, and results, 268, 
.274, 332, 401 

Liquid, determination of boiling-point 
of, 20-22 

^ density of, 15-18 


of 

tannin, 337 

Lunge nitrometer, description and use 
of, 477 

calibration of, 40) 


Magnesia mixture, preparation of. 

Magnesian limestone, analysis of and, 
results, 268, 401 


Uagnesium, determination of, as 
phospliate or pjTo- 


prccipitation of, as magnesium 
ammonium phosphate, 76' 
separation from alkaline earths, 78 
from calcium, 78, 271 
from iron and aluminium, 270 
from nickel, rinc, etc., 278 
Magnesium phosphate, determination 
of, by iiranyl nitrate (f), 20.3 
potassium sulphate, preparation 
of, 50 

Manganese, determination of, as 
jihosphatc and pyro- 
phosphate (g), 75 
by bismuthatc process (u), 207 
colon’inctricaily, 210 
in iron and steel, and results, 811, 
400 

colorimetricdly, 210 
in steel, by electrometric 
method, 217 
ill limestone, 270 
in ores, 2C7 

ores, cvuhution of, 2C0 
preeipitnfion of, as niang.iiiesc 
ammonium phosphate, 75 
scpamtion from aluminium, iron 
and titanium, 800 
from calcium and 
magnesium, 270 
from 7inc, 281, 284 
mlron and steel nnalj’sis, 311 
sulpivite, use of svith 
■ jwnn.mpanatc, 157 
Manganese dioiide, determination of, 
iodometrieally (p), 174 
hv ferrous salt method 
'(o), 207 

by oxalic acid (p), (g), 
207, 482 

Manganese spar, analysis of, 2C9 
Mansleld’s metliod for determination 
of copper, 197, 202 

Manures, evaluation of, and results, 
320-332,493, 491 
Margarine, 388 

Maumen^ reaction in fats and oils, 405, 
508-513 

McNichol’s method for determination 
of resin in soap, 421 
Mean molecular weight of fats and oils, 

414 


508-513 

Memoranda, useful, 510 
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INDEX 


Meniscus, error of. 111, 4G4 
Mercurous nitrate separation, 817 
Mercury, detemnnation of, ns metal, 
98, 2G0 

ns chloride (g), lOO 
as sulphide (g), 100 
by distillation (g), 98, 230 
' by thiocj’anntc (u), 199 
reduction to mercurous state, 100 
•weight of 1 c.c. of, 516 
Mercury ore, e\'aluation of, 259 
Met^s in water, detection and 
determination of, 360 
Methane, determination of, 474 
Methyl orange, 119, 172 

necessity for reference 
standard, when using, 124 
Methyl red, 120, 125 
Metric units, and conversion to, 514 
Meyer’s method for determination of 
vapour density, 454 
Micro-chemical methods, 250 
balance, 4 
burette, 114 

combustion of organic substances, 
435 

electrodeposition, 280 
filtration, 45 
cas-analj’sis, 482 
Kjeldahl nitrogen determination, 
430 

pipette, 111 

Milk, ana1}*sis of, 875-882 
water m, 879, 880 
Millilitre, definition, 100 
Mineral constituents in rrater, 
determination of, 308 
oils in fats and oils, determination 
of, 411 

oils and waxes, analj'sis of, and 
results, 421-425,510 
phosphates, analj-sis of, and 
results, 827, 493, 494 
Mobility of ions, tabic of, 221 
Mohr units of volume, 514 
Moisture in gas, correction for, 401, 
499 

Molecular solution, definition of. IIG 
MolecuMt weights, determination of, 
by boiling'point 
method, 451 
by Dumas* method, 457 
by freezing-point 
method, 448 
by Rast’s method, 450 
by Victor Sleycr’s 
method, 454 

of organic acids and bases, 
determination of, 446, 447 
Molybdate, ammonium, preparation of 
solution of, 79 

method for determination of 
phosphates (g), 78, (V) 130 
Molybdenum, determination of, in 
steel, 314 

cupron method (g). 815 


Molybdenum, separation of. from iron 
and manganese, 314 
from other metals, 317 
Mortar, analj-sis of, and results, 274, 494 
Mortar, steel percussion. 23 


National Physical Laboratory 
stondards for volumetric classivarc, 
408 

Nephelometric analysis, 249-251 
Nessler tubes, 285, 350 
Nesslet’s leacent, preparation of, 246, 
'351 

Neutralisation of solutions, 118, -194 
value of fats ond oils, 414, 508 
Nickel, determination of, by dimethyl 
glyosime (g), 62, 241 
by electrolysis, 231 
by potassium cyanide (c), 196 
by salicylaldoxime (g), 289 
colorimetrically, bydimethyl- 
glyoxime, 241 

in German silver, determination 
of, 289 

in iron and steel, determination of, 
812 

separation from aluminium and 
iron, 62 

> from aluminium, iron and 

titonium, 800 
from copper, cobalt 
manganese and zinc, C2 
from other metals, 812 
from other metals, as 
dimethylglj’oxime 
compound, C2 
from zinc, 284 

in iron and steel analj'sis, 319 
vessels, use of, 48 
Nitrate, determination of, as 

ammonium ciiloroplalinate 

(fi). 81 

. as nitron nitrate, 65 
by nitron fff), 85 
by potassium diehromate (v), 
151 

by reduction to ammonia (p), 
133 


by titanous chloride (v). 188 
colorimetrically, 245, 300 
in water, determination of. and 
results, 358, 360, 873 
as ammonia by zinc- 
copper couple, 350 
by gasometric method, 
358, 479 

colonmetrically, by 
diphcnylamlnc 
sulphonic acid, 
215 

by phenolsulphonic 
acid, 3CO 

Nitric acid, reduction of, by Devarda’s 
alloy, 81 

specific gravity table, 505 
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Nitric oxide, determination of, 478 
Nitrites, determination’ of, by 
ch!oramine-T (o), 184 
by ferrous salt method (o), 
152 

by potassium permanganate 
(o), ICO 

colorimetrically, 245, 357 
in water, determination of, and 
results, 357-3G0, 373 
Nitrogen gas, determination of, 471, 
474 

in an ' organic compound, 
determination of, 330, 435- 
441 

in manures, determination of, 
and results, 830, 404 
in water as nitrate and 
nitrite, determination of, 
337, 3G0 

oxides in nitrous vitriol, 
determination of, 478 
iveight of 1 ml., 510 
Nitrogenous manures, evaluation of. 
330 

Nitrometer, description and use of, 338, 
477 

Nitron reagent for nitrates, 85 
Nitrous oxide, determination of, 472 
Nitrous vitriol, examination of, 478 
Normal solutions, 115, 121-127 

volume of gases, calculation of, 
401 ' 

Kote>boolr, examples of entries in, 60, 
62, 128 ' 


Oils, fats and waxes, table of 
characteristics, 389, 508-513 
colour tests for, 417 
examination of, 401-418, 421-426 
Olefines, determination of, 471 
Orange m, 110 
Organic analysis, 427-445 

combustion for carbon and 
hydrogen, 427-435 
for halogens, 441 
for nitrogen, 435 

Organic compounds, determination of 
halogens in, by 
Carius* method, 442 
by Stepanov’s method, 
444 

nitrogen in,, by Kjcldalrt’s 
method, 435 

sulphur and phosphorus in, 
445 

Organic matter in i\atcr, determination 
of, and results, 350, 372 
Original gravity of beer, determination 
of, 301 

Ortboclasc, anah'sis of, and results, 
273, 494 

Orthophtbalate, potassium hydrogen, 
for standardisation of alkalis, 
127 


Orthophtbalate, preparation of, 207 
Oven, air, 28 

for maintaining constant 
temperature, 20 
steam, 20 


by standard permanganate 
(v), 157, 158 

Oxalic acid, use of, in standardisation 
of alkalis, 127 
Oxidation, prevention of, 48 
Oxidation>reduction indicators, 143- 
145, 200 

reactions, 130-190 

in iron and steel analysis, 310 
theory of, 214-216 

Oxine, use of m gravimetric analysis, 
65, 77, 171 

Oxygen, average percentage in air, 
471 

demand of ssater, determination 
of, 371 

process of determination of organic 
matter in water, 854 
Oxygen in water, determination of, by 
manganese salt, 300 
degree of saturation, 871 


Pelladinised asbestos, preparation of, 
472 

Falmitate method for the liardness of 
water, 304 

Parting gold and silver, 345 
Penfield and Brush, determination of 
water, 04 

Perchlorates, determination of, as 
silver chloride (g), 73 
reduction to chloride, 73 
Percussion mortar, 23 
Periodates, determination of, 177 
Permanent hardness of vater, 
determination of, 362, 305, 373 
Permanganate, potassium, 

preparation and use of 
standard solution, 155 
process for detennination of 
tannin, 337 

of organic matter m 
water, 350, 372 

Permanganates, determination of, by 
nitrometer, 482 
volumetncallv, 155, 150, IC.", 
482 

Persulphates, determination of, 
by oxalic acid (a), 160 
bv potassium permanganate 
'(a), ICO 

by titanoiLs chloride fa), 188 
Pettenkofer’s determination of carlxm 
dioxide in air, 484 
Pewter, anah-sis of, 290 
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Ph, defimtion of, 118, 203, 205, 2S7 
measurement of, by electrometric 
method, 208 
by indicators, 118, 206 
list of indicators, 495 
Plienanthroline, ferrous, 144, 145 
Pbeno], determination of, 
iodometrically, 171 
Pbenolphthalein, use of, llO 
Phenol red, 237 

Phenolsnlphonic acid, use of, in 
determination of nitrates, SCO 
Phenosafranine, as adsorption 
indicator, 192 

Phosphates, determination of, as 
ammonium 

phosphomolybdate (g), 78 
ns mapnesium 
pyrophosphate (g), 77 
ns phosphomolybdie 
anhydride (g), 78 
by uranyl salts (w), 202 
by volumetric molybdate 
process (w), 136 
colorimetric method, 246 
nephelometric method, 250 
mineral, annhsh of, and results, 327, 
493, 494 

Fhosphatic manures, analysis of, and 
results, 327, 493, 494 
Phosphor-bronze, analysis of, and 
results, 287 

Phosphoric acid, determination of, in 
mivture of acids (o), 137 
Phosphorus arid, preparation of, 100 
Phosphorus, determination of,, as lead 
molybdate (g), 810* 
in bronze, 287 
in coal, 320 

in iron and steel, and results, 310, 
490 

in organic compounds, 445 
separation from arsenic, 78 

from certain elements, 317 

by I 


Pipettes, calibration and use of, 109 
Ilempcl, 472 
micro-, 111 
times of outflow, 498 
Flatinnm crucible, cleaning and 
conditions of use, 40 - 
electrodes, preparation of, 209 
Poisonous metals in water, detection 
and determination of, 3f!0 
Folaiimeter, use of, in determination of 
sugars, 397 
Polarograph, 252 

Folenske values for butter fat, 384, 386, 
418, 508 
Policeman, 39 

Porcelain crucible, conditions of use, 
48 

Porous plate, use of, in drjnng, 55 


Portland .cement, analysis of, and 
results, 274, 493 

Potash bulbs, for organic combustion. 
430 

manures, evaluation of and results, 
831, 404 

soaps, analysis of, 421 
sjMciflc gravity tabic, 507 
Potassium, determination of, ns 
platinum (g), 81 
as platinichlonde (g), 80 
as potassium pereWorate fg), 
82, 331 ' 
as sulphate (g), 82 
indirectly in presence of 
sodium 272 
in glass, 278 

in limestone and silicates, 
determination of, and results, 
271, 491, 494 
in manures, 331 

separation from other metals, 80, 
81, 82, 278 
from sodium, 80, 272 
Potassium Salts 

Alum, preparation of, 65 
Antimonyl tartrate, preparation 
of, 57 

Bicarbonate, use of, for 
standardisation of acids, 125 
Bisulphate, use of. for 
standardisation of alkalis, 127 
Bromate, preparation and use of 
standard solution, 182 
Chromate, as an indicator, 103 
Cyanide, preparation and use of 
standard solution, 190 
"Dichromate, preparation and use 
of standard solution, 189-143 
Fcrricyanide, use of, ns externnl 
indicator, 139 

Ferrocyanide, preparation and use 
of standard solution, 200 
solution, standardisation of, 
electrometrically, 219 
Hydrogen orthopbthalate, 

preparation of, 207 
. use of, for 

standardisation of 
alkalis, 127 

Hydrogen tartrate, for 
standardisation of alkalis, 127 
Hydroxide solution, for gas 
analysis, 469 
specific gravity table, 50 « 
lodatc, preparation and use of 
standard solution, 180 
use of, in neutralising a 
solution, 129, 132 
Iodide, ■ use of, in volumelnc 
analysis, 109-179 
Magnesium sulphate, preparation 
of, 55 

Oxalate, identification of (o), 13' 
Permanganate solution, 

preparation and use of, 15*» 
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Polassium Salts 

Permanganate solution, 

standardisation by ferrous 
salt, IS-j 

by oxalic acid, 150 
Persulphate, evaluation of (o), 138 
Tetroxalatc, use of, for 
standardisation of alkalis, 127 
Thiocj-anate, preparation and 
standardisation of solution, 108 
Fotentiometric titrations, 205-220 
PowderiDg, process of, 23 
Precipitates, drjdng of, 40 
filtration of, 37— 1-5 
Ignition of, 40-53 
washing of, 37 

PtepaiatiOD of pure compounds, 53-57 
Preservatives in butter, 383 
in milk, 381 

Pressure on gas, correction for, 401 
Prismatic-reflecting balance, 4 . 

Procter extractor, 33 1 
Prooi spirit, percentage of, from 
specific gravity tables, 500, 501 
Proteins, nepbclomctclc analj,"si4 of, 251 
Pure compounds, preparation of, 53-57 
Pyknometer, 17 

Pyridine thiocyanate method for tlie 


i74, 2C0, 403 

Quartering, process of, 251 
Quartz, dry assay of gold, 341 
Quick-lime, anaivsis of, and results, 
268, 494' 

Raoult’s method for determination of 
molecular weights. 448 
Bast’s method for determination of 
molecular weiglits, 450 
Reagents, analytical, 
for gas anab-sis, 409 
list of bench, 517 

Riaumur scale, conversion to 
Centigrade scale, 513 
Red lead, evaluation of, by dry assay, 
340 


Ri 

!• , • 

Relereoce books, iist’of. 518 

tables for general anaU'sis, 490- 
_ 513, 521 

Reactive Index of oils, 400 * 
Reichert-Meissl value for fats, 884, 413, 
508-513 

Reichert-Polenske method for volatile 
fatty acids, 384, 383, 413 
Relative Density. See Specific Gravity. 


Resin acids in soap, determination of. 


Rider, use of, o 

Rose Bengal, as adsorption indicator, 
192 

Rbse-Qoltlieb method for fat in milk, 
376 

Rosenhain calorimeter, 321 
Rose’s crucible. 48 
Rules for working, 57 


Saccharimeter, 398 
Satranine. See Phenosafranine. 

Salt, determination of, in beer, 393 
, in butter, 382 

Salts, preparation of pure, 53-57 
Samples anal^'scd, 489 

collection of, for gas analysis, 470 
for water analysis, 348 
Sampling metals and alloys for anal\*8is, 
256 

ores, etc., for analysis, 23, 254 
water for analysis,’ 848 
Sand-bath, 33 

Sapomfleation value of fats ond oils, 
400, 508-518 

Scaite’s method for the determination 
of free lime, 278 
SchU! nitrometer, 439 
Schmidt method for fat in milk, 875 
Schrotler’s apparatus for determination 
of carbon diovide, 90 
ScoriflcatioD, process of, 843 
Semi-normal solution, dehmtion of, 113 
Separations of use m analj-sis of iron 
and steel, 316 
Sesam^ oil, test for, 417 
Sieves, British Standard, 24 
Silica, determination of, m a soluble 
silicate (g), 100, 2C9 
in an insoluble silicate (g), 274 
soluble silica, 274, 368 
removal of, by fuming with 
hydrofluoric acid, 101 
separation from lead, 280 
vessels, conditions of use, 48 
Silicates, analj-sis of, if soluble in acids, 
and results, 100, 274, 494 
if insoluble in acids, and 
results, 275, 494 

Silicon, determination of, in aluminium 
alloj-s, 297 

in iron and steel, and results, 
309, 490 

separation from certain elements, 
317 

Sil^r, determination of, as silver 
chloride (g), 74 
by dry assay, 844 
bv potassium thiocyanate (r), 
*197 
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Silver, determination of, by sodium 
chloride (o), 101, 
193 

and adsorption 
indicator (o), 191 
conductivity method, 224 
■ ■ — * ">0 

CO, 

in galena, determination of, by 
dry assay, 341-344 
in lead, determination of, by dry 
assay, 842 

in plate, determination of, by dry 
assay, 342 

residues, recovery’ of, 193 
separation from copper, 257 
vessels, 48 

Soap, analysis of, 401, 418*421 
Leeds scheme, 422 

preparation of standard 
solution. 3C2 

Soda, specific gmvity tabic, 500 


suiplmie tg;, 

zinc urnnyl acetate salt (g), 80 
in glass, 278 

in limestone and silicates, 
determination of, and results, 
271. 491,493 

indirect determination of, in 



* ' " ■ f, in 

presence of sodium 
carbonate, 129 
conductometric mctiiod, 
223 

potentiometric method, 
212 

preparation of normal 
solution, 126 

. of solution free from 
carbon dioxide, 12B 
specific gravity tabic, 50G 
Nitrate, determination of, by 
nitrometer, 358, 479 
Sesquicatbonate, determination of, 
ISO 

Tliiosulpbate, preparation of 
standard solution, 1 C 2 
Solder, analj'sis of, 200 
Solids, determination of melting- 
point of, 18-20 
in water, 849, 350 
not fat, in milk, 370 ' 

powdering of, 23 
solution of, 31 

specific grs'vity, determination of, 
12-14 ‘ 

Solubility, determination of, 32 
Solution of solids, process of, 82 
Solutions, standard, 106, 115, 121, 129 
molecular, 116 
normal, 115, 122-129 
storage of, 116, 135, 186 


125' ’ . 

Sodium Saifs 

Acetate, conductometric 
determination of, 224 
Arsenite, preparation of 
standard solution, 1G7 
JJioarLonate, detcrniination of, in 
presence of sodium 
carbonate, 130 

transformation to carbonate, 
122 

Carbonate, determination of, in 
, presence of 

sodium 

* bicarbonate, 

130, 265 
hydroxide, 129, 
265 

of water in, 137, 269 
from sodium bicarbonate, 122 
preparation of normal 
solution, 122 

Cliloride, preparation of pure, 50 
standard solution, 191 


Baumd'dcgrees, 518 
definition of, 12 
of air, 516 

offats.oilsond waxe?,508-5J3 
of heavy solids, determination 
of, 12 

of h)’drogen, 510 
of light solids, determination 
of, IS 

of liquids, determination of, • 
15-18 

of milk, 375 . 

of powders, detenniiiation of, 

of solids soluble m water, 
determination of. It 
tables, 500-50T 
- . vs o-,l 

392 

3D0 

i>y. 

8l, Ui, 4.; 

Sprengel tube, 17 

modified form, 18 
Standard acidic substances, 120 
basic substances, 125 
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Standard solutions, lOO, 115, 121, 129 
correlation of volumetne, 128 
storage ami prcscmition of, 
116, l&t, 180 

Stannous cUlotulc, use of, as u rctUicinp 
agent. 1 10 

Starch solution, jircparation of, Iftl 
Starch-iodide solution, prepamtion of, 


Statistical evaluation of errors, 43 » 

Steam-oven, simple, 25 

Steam-ovens ami uater-still 
combined, 27 

Steel, nnalvsis of, and results, 217, 
»o:5-:n7, lao 
percussion mortar, 28 

Stepanov’s method for detenumation 
of halogens in organic compounds, 
444 

Still for distilling u ater, 27 
for determination of alcohol in Itccr, 
391 

Storage of standard solutions, 116, 135, 
1(>1,18G 

Strontium, determination of, as sulphate 
(g). 07 

SulUmation, punliculion by, 57 

Euhstitntion, neighing by, 9 

Sugar, nnnl}*sls and determination of, 
393-400 

Sulphates, determination of, ns barium 
sulphate (g), 05 ; <t;). 1"4, 


00 

• ' . 'larium 
sulphate (g), 70 
by potassium iodatc (o), 182 
iodomctrically (f), 109 
Sulphur, determination of, ns barium 
sulpliatc (g), 08 ; (o), 174, 
224 

voiumctricaiiy, SOT 
in blende, determination of, and 
results, 08, 2S2, 492 
in coal, determination of, 310 
in iron and steel, determination of, 
and results, 307, 4D0 
in oil, determination of, 425 
in organic compounds, 
determination of, 445 
in sulphides, determination of, 
08-70 

in zmc-blcnde, determination of, 
and results, 08, 282, 492 
conversion of, to ferrous 
sulphide, 09 

oxidation of, by bromine, 08 
by hydrogen peroxide, CO 
by nitric acid, 09 
by potassium nitrate, 08 
Sulphur dioxide, determination of, 
iodometrieally (e), 169 
use of, as a reducing agent, 14C 


Snlphuiettcd hydrogen, determination 
of, iodomctrically (o), 168, 
307 

oxidation of, by hydrogen 
peroxide, 09 

Sulphuric acid, preparation of normal 
solution. 123 

specific gravity table, 502, 
503 

Sulphurous acid, detcrmmatioii of, 
iodonictrieally (e), 109 
Superphosphate of hme, annlvsis of, and 
results, 327. 493, 494 
Supports for biter, 42 
Suspended matter in natcr, 

dctcnuiiKition and examination of, 
340 

Swings, weighing by, 7, 9 
Syphon us]iirator, SO 


Tables, for reference, 518 
Tabular form, use of in calculations, 12S 
Tannin, determination of. 332, G30 
in tea, determination of, 400 
me of, us indicator, 202 
Tanning materials, extniction and 
cvalU.atioii of, 332'340 
Tartar emetif, purification of. 57 
dctennin.ation of, 108 
Tarir&zine ns ndsor]>tlon indicator, 102 
Tea, parti-d panilysis of, 899 
Teclu burner, 50 

Temperature of gns. correction for, 401 
Temporary hardness of water, 
determination of, 801, 805 
Tension of aqueous vapour, table of, 
499 

Tetrahydroxy quisone us indicator, 
174 

Tetrathionates. determination of, by 
potassium iodate (v), 182 
Theme m ten, determination of, 400 
Thermometer, correction of reading, 20 
Thermomctric scales, conversion of, 
513 

Thiocyanates, determination of, by 
potassium iodirtc (u), 182 
prepanition and use of standard 
solution, 197 

Thiosulphates, determination of, as 
barium sulphate (g), 70 

by potassium iodate (o), 182 
preparation and use of standard 
solution, 102-171 

Thomas* phospliate, analj’sis of, and 
results, 827, 493, 494 
Thompson’s calorimeter, description of, 
321 

Times o! outflow for burettes and 
pipettes, 498 

Tin, determination of, as dioxide (g), 
97 

by chloramine-T (u), 184 
by electrolysis, 233 
by potassium bromate (w), 182 
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Tin, detennltiation of, by titiinous 
chloride, 188 
iodometrically (v), 165 
in bronze, dctermmntfon of, and 
results, 287, 401 
in presence of copper, 291 
in tinstone, determination of, by 
bromate process, 264 
by dry assay, 340 
in A^h^te nietah, determination of, 
and results, 291, 491 
reduction of, 105 

separation from certain elements, 
31T 

from copper and lead, 291 
from tungsten, 204 
Titaoilerous iron ores, analysis of. 302 
Titanium, determination of (u), 180 
colorimctrically, 244 
in aluminium, 290 
in iron and steel, 310 
in ores, 293 

in presence of iron, 293, 29C 
precipitation of, nitli cupfeiTon, 
303 

separation from cobalt, nickel, 
manganese and zinc, 300 
iron, 203 

from other metaU, 293 
separations In iron and steel 
analpis, 810 

Titanons chloride, preparation and use 
of standard solution, 18 &- 190 . 214 
Titration cur\’cs, 208 , 213 
errors, 125 
formol*, 132 
micro*, 114 

Tilre test for fats and oils, 404 
Tot^ hardness of ^^-ater, determination | 
of, 303, 300 

solids in milk, determination of, 
375 

in water. deteriiun.)tion of, 
350, 372 
Triazigles, 4S 
Tropaeolin-D, lio 

Tungsten in steel, dctcmiinatlon of, 314 
separation from iron, 314 
from silica, 314 

^fjarations in iron and steel 
analj’sis, 317 

Tuibidimetnc methods, 249 
'Tormeric-paper, 121 
Waddell degrees, ronversion to 
specific gravity, 513 
Type-metal, analyse of, 290 


Ultra-Violet light, fluorescence anal^'sis 
in,253 

5l4-ol0 

Uorietsal indicator, 493 
' iftable matter, in fats and oils, 

' \deterniination of, and 
results, 410, 508-313 
im'av, detcrininalion of, 411 


Uranium, delcnnination of, by 
electrometric method, 210 
reduction of, by ziao and 
sulphuric acid, 219 
separation from certam metaU, 
317 

Urauyl acetate, as indicator, 200 
acetate or nitrate, standard 
solution of, for determination of 
phosphates, 203 

Urea, determination of, hy nitrometer, 
480 

in urine, determination of, 481 
Useful memoranda. 316 
U-tnbes, filling of, 87 


Vacuo, drying in, 80 
Vanadium, in ferro'^’anadium, 
determination of, 218 
in. iron and steel, determination 
of, 218, 315, 490 

in presence of chroniiura, " 
determination of, 21S 
in steel, determination of, by 
electrometric method, 218 
oxidation and reduction of, 218 
separatioit from certain metals, 
317 

Vapour, aqueous, pressure of, 

I correction for, 402 

I table of pressures, 499 

density, determination of, 440, 
450, 454 

Vessels, colibrotion of, 103-115, 401, 
497 

Victor Meyer’s method for 
determination of vapour density^, 434 
.Vinegar, determination of total add In, 
138 

Volatile matter in coal, determination 
of, 318 

n^^nip cntqnmind^. combustion 
of, 434 

Volume of gases, correction of, 401 
units of, 106, 514 

Volumetric analysis, typical processes, 
104. 191 

apparatus, tabic for use m 
calibration of, 497 
standard solutions, correlation of, 

128 


■Wash-bottle, 39 
as aspirator, 80 

Washing precipitates, process of, 
37-40 

Washing-soda, defermination of water 
of.crystnllisalion of, 137 

Water, action of, on lead, 307 
analysis of, 3 18-374 . 
biological oxygen demand, 
dctcrmln.ition of, 371 
<*opperin, determin.atioii of, fiO" 
density of. fable, 190 
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Water, ditcniiinalkm (if, bv iUrTcrcucc 

... . 

I.y direct ^eigluiig (p), W, 
lit 

ill Avliidi cutit.iiii 

colatilc iiinttcr, 400 
in htili'lLilcs, 1)3 

liis'oUcil paces In, dctcriiiinattoii 
«.f, 130, 47D 

owpin in, (Ictcrininutioii of, 

:!<.9 

( \]1tn^ton (>r, table, 11)0 
fnt'fmin ntnnioiiia, pn'par.ittun of, 
tfrl 

lunbiC'S of, iktcrininatlon of, 
.".01 -300 

leml in, dcUrniiiiatlon of, 1113, 3C7, 
371 

iniiirnil conctituents in, 
dctrrniination of, 300, 308 
oMptn Mtnrulion, dctcnninatiuti 
nf. 371 

1*. c.ilnc of. 237 
mnplc, rollrdioij of, 318 
cUTific \oliiiiic, table of, 100 
MijHiiir, pressure of, cxirrcetUm for, 
102 

l.nble of pressures, 103 
Kiipliinp (tt, 12 

Witer-balh, i\’> 

osjpui satimition, dc(rrini(t.ilioii 
of. 371 

I'm \aliJcof, 237 

W'lteMqnhalent of a e.iltirinutcr, 323 
Witrfjicket, 3 1 
Water-oxen, 20 
Water-pump, 12 

Wiict, ntid c-nliic of, dctertninatioii 
of. mid results, los, 3CiS-3i:{ 
•otKlitiition and prni>rrties yf, 402 
<x.iniinati<jn of, nnd results, tOI- 
120,308-313 . 
inincral, rMitiun.itiiiti of, 121 
tnivifiondMbIc matter in, 

<1( icrminution nf, 410 
Weak acidj and bases, clrtenninatjon of 
ei'ndurlotnrtrb'alK, 221 

Wei:hiof. l.> ilms t'nu'tlMwl. 8 

b \ mrtliiMl of injtH , 7 , 1 » 
b \ » iil > stitnti ( iii , ti 
dins tiotis f < ir , 0 , . I ? 
ill w . it « r. 12 
I'ruaiilioiiH itiiriiip , !) 

Wtiaht, di trrnunaliou of, y 

••■'irrtie, in 

‘d ml . of iilr . .*10 

' f ml , of bsdnipiti , 3H , 

“f ml. and r i. of mm nry, .'115 
«'f ml i>{ tii(ro;:ro, .*|<, 

* t '“.‘tr? nl lb til mil 

tfioprnitim-s. I.ddrs, I'm; 


Weight, primary nmt of, .M I 

relatiuti l>ctMirit soln-is- ni.d 
wciplit, im; 

Weights, atomic, t.jLk of, fninl ni\( r. 
ilfscriptiim of, ."» 
entry of, 10 
testiiip of. 7 

Weights and measnrcj, i > of. 31 1 , 

Wemer-Schmidl’s m-tlwHl f„r 
(lc((.riiiiii.iltoii of milk fit, 373 

White nict.ils, iiii.iK>.|s nf, .md tt oil!.. 
290 , ifli 

Wljs* Kxlme snhilitiri, «pf, 

112 

Wine. dcltTmmati'<n nf iil(s>)i<>l in, 3'si 

Winkler buretl* , di .< niitinn of. b.o 
TmtlKxl for till d( t( mini iti’iii ol 
(lissoUisI owpi II. nr.'.i 

WoUT's tiuthml fur ilcti rnnii di n ol 
resin in so ip, 121 

Working, niU-s for, 37 


Xylene cyanol FF, 1i<2 


Zinc, nmalp im. pri p n ilmii of ) IS 
dctcnmiutioii of is mmiIi (;), T» 
liy ell edmU i- 2.5J 
tiy ilci tnitiii 1 ni iiiitln-'t 22" 
by ncpliiliinii t rs . 230, •i'.'' 
b\ jKd.issniin ft rroi \ mi li ii ) 
221 

and ilipbi ii\ 1* 

Ik n/idrni I. i 2"" 
by ps ndiin iIimk j in ili 
"n.«p« nl. 2sl 

bv londiii tomi Irn im t li'"l 

*221 

in ninminiuni .ill'’\s. 
d< termmilit'ii "f 2'is 
* in blende. di !i rnnn ili'.i a >' ' 
results. I'/.l CSO. J '-’ 

111 liniss, ilitiriiiniiii'ii • ' '"I 

rtsnlts, 280. f'l 

in (krmm sil\ir, '1 " n- i ili '• 


nf, 2S') 

III s'.itrr, 3 CS. 17 5 

fnnn .do im i o" 
and tilanniiii ;'»• 
fnmi I idninim i.-pp : 

I, -.1.1 201. ^st. 
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fn>m niikrj. mxi'.-i"" 
ttd.dl, Ps.i 
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ANTI-LOGARITHMS 
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ANTI-LOGARITHMS 


3162 3170 3177 

3230 3243 3251 
331X 3319 3327 
33S3 3396 3404 

' ’ 3475 3483 

3548 3556 3565 
3631 3639 3648 
■ I 3724 3733 
^ : 3811 3819 
3890 3899 3903 


3990 3999 
4083 4093 
4178 4188 
4275 4285 
4375 4385 
4477 4487 
4581 4592 
4683 46^ 
4797 4808 
4909 4920 


50x2 5023 503s 
3x29 5140 5*52 
5248 5260 5272 
5370 5383 5395 
5495 5503 5521 
5623 5636 5649 
5754 576S 5781 
5888 5902 5916 
6026 6039 6053 
'6166 6x80 6x94 

6310 6324 6339 
8457 647X 6486 
6607 6622 G637 
6761 677G 6792 
69x8 6934 6950 
7079 7096 7x12 
7244 7261 7278 
74x3 7430 7447 
7586 7603 762X 
7762.7780 779S 


147 8x66 
8337 8356 

853X 855: 
8730 8750 

8933 8954 

914X 91G2 
9354 9376 
9572 9594 
9795 98:7 


3184 3x92 
3258 3266 
3334 3342 
34x2 3420 
3491 3499 
3573 3581 
3656 3664 
374* 3750 
3328 3837 
3917 3926 

4009 4018 
4x02 4txx 
4x98 4207 

4295 4305 

4395 4406 
4498 4308 
4603 4613 
47x0 4721 
4819 483t 
4932 4943 

5047 3058 

3164 5x76 

5284 5297 

5403 5420 
5534 5546 
5662 5675 
5794 5808 
5929 5943 
6067 608 X 
6209 6223 

6353 6368 
650X 6516 
6653 6668 
6808 6823 
6966 6982 
7x29 7*45 
7295 73** 

7464 7482 
7638 7636 
78x6 7834 

799S 8017 
8185 8204 
8375 8395 
8570 8590 
8770 8790 

8974 8993 

9183 9204 
9397 94*9 
9616 9638 
9840 9863 


3*99 3206 
3273 3281 
3350 3357 
3428 3436 
3508 35*6 
3589 3597 
3673 3681 
3758 3767 

3846 3855 
3936 3915 

4027 4036 
4x21 4x30 
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